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PREFACE. 



This littie work, on the subject of Astronomy, has been prepared 
to supply a deficiency which the author has himself experienced, in 
teaching the elements of this interesting and useful- science, and 
which has been a subject of complaint with many other teachers. 
The books that have hitherto appeared on the subject, though by 
no means few, have either been meagre in facts, or have represented 
them in a manner neither well-arranged, nor adapted to their pur- 
pose as class-manuals. Some have, indeed, been excellent treatises 
on the subject ; but, making no distinction between definitions, or 
fjEicts, and the matter intended to explain them, could not be con- 
veniently used by either teacher or pupil. 

The work here offered to teachers, is designed to remedy both of 
the defects here mentioned. It professes to give a sufficient num- 
ber of facts for an elementary treatise, accompanied occasionally by 
diagrams and brief explanations, which will serve at least to give a 
hint to the teacher, and afford him the means of adding farther 
illustration. "Works much more profusely illustrated scarcely ever 
do more, while very often the pupil receives from thet fanciful rep- 
resentations, contained in them, a very erroneous idea of the sub- 
ject, and the expense of the book is unnecessarily increased. 

The plan of dividing the subject of each chapter into short and 
distinct paragraphs, each the answer to a question inserted at the 
bottom of the page, is, as far as the author is aware, original in a 
school treatise, on this subject, and has, he thinks, several advan- 
tages over the method of giving question and answer together. In 
the first place, the questions must, very often, contain the most 
important part of what the pupil should commit; secondly, the 
pupil, by confining his attention almost wholly to the answer, learns 
the definition or fact imperfectly; and thirdly, the insertion of the 
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questions with the answer, increases mmecessarily the size and ex- 
pense of the work. 

The introduction of questions, where possible, which the pupil is 
to answer from his acquired knowledge of the subject, and not by 
rote, is a feature which the author has seen in no otiier work on 
the subject. 

Most of our Elementary Astronomies pay little or no attention 
to the use of the artificial globes. The schools are generally sup- 
plied with globes, which, for the want of a manual on the subject, 
serre only to adorn the school-room. The pupil is, by this means, 
deprived of one of the best means of illustrating the subject, as well 
as of much practical information, which the use of the globe would 
indelibly impress upon hia mind. This deficiency the author has 
endeavored to supply, by the second part of the work, which may, 
without difficulty, be studied in connection with the first. This 
portion of the work has been made more extensive than is gener- 
ally found in elementary treatises, without comprehending what 
could only be expected in a treatise of a higher character. 

Another motive has also induced the preparation of this work. 
The author has seen, with regret, that many persons, at the present 
time, appear to regard this science as unimportant or unsuitable to 
our Common Schools. Without entering into any argument to 
show the contrary, it will suffice to say, that a science whose pro- 
gress is the peculiar glory of modem times, — ^which, in an important 
manner, illustrates geography,— which is necessary to the navigator, 
— ^which teaches the true character and position of our own world, 
as well as the character of the universe, of which it forms a part,^ 
and which imparts to the mind of the student, a true and sublime 
idea of the character and power of the Almighty Creator thereof,^ 
can scarcely be less important than the science which teaches locali- 
ties on the earth, or associat€fs with them the memory of the follies, 
the vices, and the wars of mankind. 

If this little book shall be found acceptable to teachers, as an 
auxiliary in imparting instruction in this truly sublime science, the 
author will esteem himself well rewarded for the labor of prepar- 
ing it. 
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INTRODUCTION. 



HISTOEY OP ASTEONOMY. 

Astronomy is supposed to be the most ancient of 
sciences. The sublime spectacle of the starry hfeavens, 
would naturally, at a very early age, attract the atten- 
tion and excite the admiration of the most careless or 
ignorant observer; and the curiosity of mankind would 
be early aroused to ascertain the nature of those " reful- 
gent lamps" which lend so much splendor and beauty 
to the otherwise sombre gloom of night. Accordingly, 
it is stated that shepherds and herdsmen were the first 
who endeavored to explore the wonders of that mag- 
nificent scene which their occupation obliged them to 
survey, fi-om year to year, while watching their flocks 
by night, under the open sky. The shepherds of Chaldea, 
and the priests of Egypt and India, had, in remote an- 
tiquity, made some progress in astronomical discovery. 
They had, it is said, calculated the length of the solar 
year with tolerable correctness, and could even predict, 
within a certain time, the occurrence of solar and lunar 
eclipses. From these countries, too, we are told, Py- 
thagoras, a Grecian philosopher, about 500 years before 
the Christian era, obtained a knowledge of the true 
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solar system, which he published, at that time, in Greece 
and Italy. But though astronomy thus early engaged 
the attention of men, there is no science on which more 
false and absurd ideas were entertained, in ancient and 
even in modem times, up to comparatively a very re- 
cent date. Unacquainted with the true method of 
astronomical research, and destitute of instruments with 
which to make the necessary observations, the progress 
of the ancients towards a just conception of the nature 
of the heavenly bodies, and the true system of the uni- 
verse, was exceedingly slow. As they trusted to the 
fallacious evidence of their senses alone, they were often 
bewildered in a labyrinth of conjecture, and frequently 
entertained the most absurd and extravagant concep- 
tions' to account for. the phenomena presented to their 
view. The system of Pythagoras, being entirely at 
variance with these conceptions, was believed only by a 
very few ; while, by the majority of mankind, it was en- 
tirely rejected, and therefore soon fell into neglect and 
forgetfulness. 

Eespecting the shape of the earth, and the means by 
which it is sustained in space, even the learned men of 
antiquity entertained the most wild' and extravagant 
ideas. While a very few vainly endeavored to prove 
its rotundity, it was generally supposed to be a vast 
circular plane, supported in an incomprehensible man- 
ner, according to some, by a huge serpent, tortoise, or 
elephant. Some fancifully ascribed to it the shape of a 
cylinder, others that of a canoe ; while the learned and 
accomplished Aristotle, a prodigy of genius, asserted 
that its figure is that of a timbrel, — showing in what an 
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^byss of folly, even the most talented men may plunge 
themselves, when they leave the true path of scientific 
research, the patient observation of facts, to indulge in 
vain and idle speculation. 

The first observations, of importance, were made at 
Alexandria, in Egypt, about 300 years before Christ, 
when the positions of several of the zodiacal stars were 
correctly defined. It was not, however, until 160 years 
later, that any further progress of importance was^made. 
Hippai^chus, the founder of Grecian astronomy, flour- 
ished at Ehodes, 140 years before Christ; and, as he 
discarded the idle and absurd notions generally enter- 
tained, and carefully observed and recorded the places 
and appearance of the heavenly bodies, he made many 
valuable discoverieis, and became justly pre-eminent 
among ancient astronomers. 

He discovered the precession of the equinoxes, the 
eccentricity of the sun's apparent orbit, the parallax of 
the planets, and the time of the moon's sidereal anisy- 
nodical revolutions ; defined the length of the solar and 
tropical year, and determined the places of more than a 
thousand of the fixed stars. He, moreover, invented tl\e 
artificial sphere, and divided the heavens into 49 con- 
stellations, placing 12 in the zodiac, 21 in the northern, 
and 16 in the southern hemisphere. He was also the 
first who employed latitude and longitude to define the 
position of places on the surface of the earth. 

About 250 years after Hipparchus, flourished the 
celebrated Ptolemy. He published several works, con- 
taining everything then known of the science of astron- 
omy, and, in one of them, explained a new and original 
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theory of the planetary motions, invented by himself, 
and called after him, the Ptolemaic system. 

It supposed the earth to be fixed immovably in the 
centre of the universe, while all the heavenly bodies 
revolve around it, in the following order: the Moon, 
Mercury, Venus, the Sun, Mars, Jupiter, Saturn, and 
the stars. Each of these bodies, *he supposed, was set in 
a hollow, crystalline sphere, perfectly transparent, by 
which it was carried around the earth, and prevented 
from falling upon it. This system, though so manifestly 
absurd and erroneous, was universally believed to be 
true imtil the sixteenth century. 

In the year 1543, Copernicus, a Prussian astronomer, 
and a man of a comprehensive and original genius, pub- 
lished a work on the motions of the celestial orbs, in 
which he revived the long-neglected system of Pythago- 
ras, confuting, by a variety of arguments, the fake sup- 
position of all the bodies revolving around the earth ev- 
ery day, and boldly asserting the rotation of the earth on 
its axis. This work was respected but by very few, while 
it was generally rejected, and contemned as chimerical 
ajid absurd. Its most distinguished opponent, however, 
was Tycho Brahe, an eminent Danish nobleman, who 
was born in 1546, and devoted the whole of his life to 
his favorite science, astronomy. He carried the use of 
instruments to a greater extent than any previous as- 
tronomer, and accumulated a vast store of facts and 
statistics relating to the heavenly bodies. Unfortunately, 
he was unable to agree with Copernicus, as to the true 
system of the world, and he therefore invented and pub- 
lished, in opposition to him, an original system, called 
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after himself the Tychonic system. In this system, the 
earth is placed in the centre of the universe, with the 
sun, moon, and stars revolving around it, while the plan- 
ets revolve around the sun, and are carried with it 
around the earth. It was adopted by scarcely any ex- 
cept the astronomer's own pupils. 

Galileo, in 1610, availing himself of the invention of 
the telescope, was enabled to nlake several important 
discoveries, by which the rotation of the earth on its 
axis was fully confirmed, and the hypothesis of Tycho 
Brahe exploded. Such, however, was the ignorance of 
the age, that it was deemed irreligious to believe in the 
doctrine of the earth's motion, and Galileo, in his seven- 
tieth year, was obliged publicly to acknowledge himself 
in error, and, contrary to his own convictions, deny the 
fact of its rotation. But the truth could not long be 
crushed. The great Kepler arose, and, profiting by the 
vast stores which the labors of Tycho Brahe had accu- 
mulated, after many years of patient and incessant study, 
he arrived at those brilliant discoveries, called " Kepler's 
laws." 

In the latter part of the seventeenth century. Sir Isaac 
Newton, by making known the law of universal gravi- 
tation, set the seal of confirmation upon the labors and 
teachings of the eminent men who had preceded him, 
and prepared the way for the brilliant discoveries of 
more modern times. Since that period, the science has 
rapidly and steadily progressed from year to year, filling 
men's minds with admiration and amazement at the 
sublime and startling facts which have been successively 
made known by its votaries. Among the many illus- 
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trious men wlio have devoted their lives to this pursuit, 
the names of Herschell and Le Verrier deserve particular 
commemoration, as the discoverers of the two most dis- 
tant planets of the solar system. In addition to these 
two bodies, fifteen minor planets or asteroids have 
been discovered between Mars and Jupiter, during the 
present century, while astronomers, in addition to these 
achievements in our own system, have passed beyond, 
into the illimitable fields of space, and revealed many of 
the wonders of the starry universe. The achievements 
of astronomy are truly astonishing, and furnish the most 
striking illustration of what can be accomplished by the 
faculties of man, feeble as they are, -when constantly and 
systematically directed upon the investigation of any 
subject 
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CHAPTER I. 

MATHEMATICAL DEFINITIONS. 

An Angle is the inclination of two lines wliicli meet 
in a point. 
Angles are of tliree kinds ; right, obtuse, and acute. 

Rg.L 
A right angle is one formed by aa- 
one line meeting another perpendicu- ^^^ 
larly, and contains 90 degrees. .^^ 


An obtuse angle as an angle great- v 
er than a right angle, and contains \ 
more than 90 degrees. 


Rg.2. 


An acute angle is one less than a ^'p, 
right angle, and contains less than y^^s^' 
90 degrees. y^sn^ 

Parallel lines are such as, being Kg. 4. 
extended, will never meet They Parallel Lines, 
maybe either straight or curved. 


What is an ang1e7 Of how many kinda are anglea? What ia a right an- 
gle? Whatiaanobtoaeaogle? Whatiaanacateangle7 What are parallel 
Imeaf 
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A triangle is a figure bounded by 
three sides. 

A right-angled triangle is one 
which contains a right angle. 



An equilateral triangle 
which has equal sides. 



IS one 



A circle is a figure bounded by a 
curve line, every part of which is 
equally distant from the centre. 

The circumference is the curve 
line that bounds it. 

The diameter is a straight line 
drawn through its centre firom one 
point of the circumference to another. 

The radius is a straight line drawn from the centre to 
the circumference. 

An arc is any part of the circumference. 
A tangent is a line which touches the circumference 
in one point. 

The circumference of every circle is supposed to be 
divided into 360 degrees, each degree into 60 minutes, 
and each minute into 60 seconds. 

A semicircle is one half of a circle, and contains 180 
degrees. 



What is a triangle ? What is a right-angled triangle 1 What is an equilateiral 
triangle ? What is a circle 7 What is the circumference ? What is the diam- 
eter? Whatistheradins? Whatisanarc? What is a tangent ? Howisthe 
circumference of every curcle sapposed to he divided ? What is a semicircle 7 
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A quadrant is a quarter of a circle, and contains 90 
degrees. 

An ellipse is a curve line, from any point of wliich, if 
two straight lines be drawn to its foci, their sum will be 
always the same. 

Thus in the ellipse B B E G, F and F 
represent the foci, to which, if straight lines 
be drawn, whether from A, B, or C, the 
sum of each pair will be always the sune. 

The longest diameter of an 
ellipse is called the major axis, 
and its shortest diameter the 
minor axis. 

Thus in the Figure, D E is the major 
axis, and B G the minor axis of the ellipse. 

A sphere or globe is a round body, every part of the 
surface of which is equally distant from a point within 
called the centre. 

A hemisphere is a half of a globe. 

The diameter of a sphere is a straight line drawn 
through the centre, terminated both ways by the surface 
of the sphere. 

The radius of a sphere is a straight line drawn from 
the centre to the surface. 

Circles drawn on the surface of a sphere are of two 
kinds, great and small. 

Great circles are those which divide the globe into 
two equal parts. 



What is a qnadrant? What is an ellipse 7 What are the longest and short- 
est axes called ? What is a sphere ? What is a hemisphere t What is the 
diameter of a sphere 7 What is the radius of a sphere 7 « >f how many Junda 
are circles, drawn on the sphere 7 What are great circles ? 
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Small circjes are those which divide the globe into 
two unequal parts. * 

The poles ^ 2k great circle, are two opposite points on 
the surfece <rf the sphere, equally distant from every part 
of its circumference. 

An oblate spheroid is a sphere flattened at the 
poles. 

The plane of a figure, is the imaginary even surface on 
which it may be supposed to be described. 

Circles drawn on the surface of a sphere, are parallel 
when their planes are parallel. 



CHAPTER n. 

THB HEAVENLY BODIES. 

Astronomy is the science which treats of the heav- 
enly bodies. 

The heavenly bodies consist of the Sun, Planets, Com- 
ets, and Stars. 

They may be divided into two general classes. Lumi- 
nous and Opaque bodies. 

Luminous bodies are those which shine by their own 
light 



WTiat are small circles t What are the poles of a great circle t What is an 
oblate spheroid 7 What is the plane of a figure ? When are circles of the 
sphere parallel f 

Whatsis astronomy f Of what do the heavenly bodies consist ? How may 
they be divided 7 What are luminous bodies 7 
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Opaque bodies are those which shijie only by light 
received from some luminous body. 

The sun and stars are luminous bodies. 

The planets and comets are opaque bodies. 

A system, in astronomy, is a certain assemblage of 
heavenly bodies. 

The Solar System is that which consists of the sun, 
with the planets and comets revolving around it. 

Planets are opaque bodies, which revolve around the 
sun. 

They are of two kinds, primary and secondary. 

Primary planets are those which revolve around the 
sun only. 

Secondary planets are those Vhich revolve around 
their primaries, and, with them, around the sun. 

Secondary planets are sometimes called Satellites. 

There are eight primary planets in the solar system, 
viz., Mercury, Venus, the Earth, Mars, Jupiter, Saturn, 
Herschell or Uranus, and Neptune or Leverrier, besides 
the minor planets or Asteroids. 

There are twenty-one secondary planets, viz., the 
Earth has one, Jupiter four, Saturn eight, Uranus six, 
and Neptune two. 

Mercury and Venus are called inferior planets, because 
their orbits are within that of the earth. 

Mars, Jupiter, Saturn, Uranus, and Neptune, are called 



What are opaque bodies t What bodies are laminoos ? What bodies are 
opaqae ? What is a system 7 What is the solar system t What are planets 7 
Of how many kinds 'are planets ? What are primary planets 7 WTiat are 
•eeondary planets 7 What are they sometimes called 7 How many primary 
planets are there 7 How many secondary 7 Which are the inferior planets f 
Which are the saperior7 
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stiperior planets, because their orbits are outside that of 
the oarth. 

The Asteroids are small planets which revolve around 
the sun, between the orbits of Mars and Jupiter. 

They are fifteen in number, viz., Vesta, Juno, Ceres, 
Pallas, Astraea, Iris, Hebe, Flora, Metis, Hygeia, Parthe- 
nope, Clio, Egeria, Irene, and Eunomia. 

Comets are bodies which revolve around the sun in 
very elongated orbits, and are generally accompanied by 
a long train of light. 

The Stars are those bodies which appear never to 
change their positions with respect to each other. 

They are, for this reason, called Fixed Stars. 

The Orbit of a planet, is the path in which it revolves 
around the sun or central body. 

Tlie plane of the earth's orbit is called the Ecliptic. 

The Elongation of any body, is its angular distance 
from the sun. 

Fig. 9. Thas, if E represent the earth in its orbit, 

and V, or V, Venus in its orbit, the angle 
VES, orV'ES, will represent the elonga- 
tion of Venns at either of the two points. At 
I and O, it will be seen the elpngation is noth- 
ing, while at V it is greatest 

A body is said to be in Con- 
junction with the sun, when it 
appears in the same part of the 
heavens. 
Conjunction is of two kinds. Inferior and Superior. 




What are the asteroids ? How many are there ? Name them. What are 
comets t "What are the stars ? What are they called ? What is the orbit of 
a planet t What is elongation t When is a body said to be in conjanction 1 
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Inferior conjunction is when the body is between the 
earth and the sun. 

Superior conjunction is when the body is on the op- 
posite side of the sun from the earth. 

A body is said to be in Opposition, when the sun and 
body are on opposite sides of the earth. 

A body is said to be in Quadrature with the sun, when 
it is 90 degrees distant from it. 

Thus y represents Venus in infe* Zlg. 10. 

rior conjonction ; M, Mars in superior 
cox^junction ; M', Mars in opposition ; 
and W, the same planet in quadra- 
ture. Its angular distance, or elonga- 
tion, B E M," being a right angle. 

The Disc of a body is 
the circular illuminated 
surface which it presents 
to our view. 

A Digit is the twelfth 
part of the diameter of 
the disc. 

The Axis of a body, is an imaginary line around which 
it revolves. 

Diurnal rotation is the revolution of a body on its 
axis, and is called its day. 

Annual revolution is the revolution of a body around 
the sun, and is called its year. 

The Mass of any body, is the quantity of matter which 
it contains. 




What is inferior conjunction 7 What is superior conjunction ? What is op- 
position? What is quadrature? What is the disc of a body? What is a 
digit? What is the axis of a body? What is diurnal rotation? What is an- 
nual reydution ? What is the mass of a body? 
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The Density of any body, is the degree of compactness 
of its substance. 

The Angular diameter of a body, is its apparent diame- 
ter, expressed in minutes and seconds, as seen from the 
earth. 

The Linear diameter is its actual diameter. 

The heavenly bodies are, in general, oblate spheroids. 



QUESTIOFS FOR EXERCISE. 

What is the elongation of a body in quadrature! 

What is the elongation of a body in inferior conjunction f 

What is the elongation of a body in superior conjunction f 

What is the elongation of a body in opposition f 

What bodies can be in inferior conjunction ? 

What bodies can be in superior conjunction f 

What bodies can be in opposition ? 

What bodies can be in quadrature ? 

Can the elongation of Venus exceed 90 degrees f (Rg. 9.) 

Can that of Mercury ? 

Can that of Jupiter ? 

What is the greatest elongation of Mant — Saturn! — ^Nep- 
tune! 

When Yenus is in inferior conjunction, and Ihas in oppoution, 
what is the angular distance between the two bodies ! 

What is the angular distance of one from the other, if Yenus 
is in inferior conjunction, and Mars in superior conjunction ! 

What is their angular distance, when Yenus is in superior con- 
junction, and Mars in quadrature ? 



Wbftt is the demdtyt Wliat is the angular dltmeter? What is the linetr 
diameter? What is the shape of the heavenly bodies f 
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CHAPTER m. 

PLANETARY MOTIONS. 

All the planets^ move in their orbita firom west to east 

A planet's revol'ation in its orbit, is sustained by the 
united action of two forces, riz., the Centripetal and Cen- 
trifugal forces. 

The Centripetal force is that which draws a body tow- 
ards the centre, or body around which it is revolving. 

It is also called the oMractum of gravitation^ being, in 
fact, the power which all bodies possess, of mutually 
attracting each other. 

The Centrifugal force is that by which a body tends 
to fly off from the orbit in which it is revolving. 

It increases with the velocity of the body. 

Laws, in astronomy, are general and invariable facts 
respecting the motions of the heavenly bodies. 

The following are the three great laws of planetary 
motion, discovered by Kepler, and hence called KepWs 
laws: 

1. The planets' orbits are ellipses, having iheisun or 
central body in one of the foci. 

2. The radius-veotor of a planet's orbit^ passes over 
equal dpaces in equal times. 



Ib what ^raodon do the planeto mcrre ia tfaeir erbkftf How is a p]«iet^« 
levolntioBmitsorlntfaBtaiDedf WbatitthecentripettdftnFOaf WlMtistbUi 
fiicoe ako called? What is the centrifogal fineef Hew doii It Iniiwutf 
What are lawa in aititMKMtty ? Beeite Kepler'a !«#■. 
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8. The squares of the periodic times, are in proportion 
to the cubes of the mean distances from the, sun. 

The Eadius- vector of a planet's orbit, is a line drawn 
from the central body to any point of the orbit. 

The Eccentricity of a planet's orbit, is the distance 
from the centre to either of the foci. 

The Aphelion is that point of a planet's orbit which is 
farthest from the sun. 

The Perihelion is that point of its orbit nearest to the 
sun. 

The point of the moon's orbit farthest from the earth 
is called the Apogee. 

The point nearest to the earth is called the Perigee. 

These two points are also called the Apsides. 

The line which joins them, is called the Apsis line, or 
line of Apsides. 

Let the annexed diagram rep- 
resent the orbit of a planet, S 
being the snn, in one of the foci, 
and O the centre of the orbit 
Then the distance S O will rep- 
resent the eccentricity ; the point 
A the aphelion; the point P the 
perihelion ; A and P the apsides ; 
and the liqe connecting them the 
apsis line. The lines B 6, C 6, 
D S, &c,f represent the radins-veo- 
tor in different positions, the spaces 
between them being supposed to 
be all equal to each other, and, according to the first law, passed over in eqnal 
times. The planet wonld, therefore, move over P G in the same time as A B» 
and thus its velocity is greatest at the perihelion, and least at the apheUon. 
The difference is not, however, in the case of any of the planets, so great as 




What is the radius-vector t What is eccentricity ? What is the aphelion t 
What is the perihelion? What is the apogee^? What is the perigee f What 
are these two p<Hnts also called 7 What is the apsis line 7 
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repreaeated in the diagmm. The difference of the earth's hourly angular velo* 
city, at the aphelion and perihelion, is only abont foar miinites, and its eeoen- 
tricl|y, S O, only abont 1-59 of its semi-anB, AO, so nearly does its orbit resem- 
ble an exact circle. 

The velocity of a planet is increased or diminislied, as 
it approaches or recedes from the sun. 

Of any two planets, that which is nearest to the sun 
moves with the greatest velocity. 

The planets' orbits are all.inclined to the ecliptic, and 
cross it in two points. 

The Nodes are the two opposite points, where the orbit 
of a planet cuts the ecliptic. 

The Ascending Node is the point, at which the planet 
crosses the ecliptic from south to north. 

The Descending Node is the point, at which the planet 
crosses the ecliptic from north to south. 

The True place of a planet, is the place at which it is 
actually situated. 

The Mean place is that in which it wotild be, if it 
moved uniformly in a circle. 

When is a planet's velocity increased and diminished T Which planet moves 
with the greatest velocity T Wliat is the position of the planets' orbits T What 
are the nodes T What is the ascending node f Wbat is the descending nodet 
What is the troe place of a planet? Wliat is the mean place f 
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TABLE OF MAGNITUBES, DISTANCES, AND BEVOLUTIONS 


OP THE PRIMARY PLANETS. 


Nami. 


Diameter. 


Distance 
from the Sun. 


Annual 
, Revolution. 


Diurnal 
Rotation. 




Miles. 


Miles. 


Years. Days. 


Dys. Hre. 


Sun . . 


887/)00 






25 10 


Mercury . 


3^00 


37,000,000 


88 


24 


Venus . . 


7,700 


68,000,000 


224 


234 


Earth . . 


7,912 


95,000,000 


365i 


24 


Mars . . 


4,200 


142,000,000 


1 321 


24i 


Jupiter. . 


89,000 


' 486,000,000 


11 314 


^\ 


Saturn. . 


79,000 


890,000,000 


29 170 


lot 


Uranus . 


35,000 


1,800,000,000 


84 5 


9i 


Neptune . 


31,000 


2,850,000,000^ 


164 225 




TABLE OF ASTEROIDS. 


Nami. 


Diameter. 


Distance from the.Sun. 


Annual 
Revolution. 




Miles. 


Miles. 


Years. Days. 


Flora. . • 






210,000,000 


3 98 


Vesta . . 






270 


225,000,000 


3 230 


Iris • . . 








227,000,000 


3 250 


Metis . . 








227,000,000 


3 251 


Hebe . . 








231,000,000 


3 285 


Astraea . . 








245,000,000 - 


4 51 


Juno . . • 






1,400 


254,000,000 . 


4 134 ^ 
4 222 ^ 


Ceres . . 






1,600 


263,000,000 ;' 


Pallas . . 






2,100 


263,500,000^^^ 


' 4 226 


Hygeia . . 








298,000,000 . 


5 199 (^ 


Panhenope 








234,000,000^ 


8 805 


Clio . . . 








222,000,000 


3 206 


Egeria . . 








245,000,000 


4 44 


Irene . • 








246,000,000 


4 64 


Eunomia . 








252,000,000 


4 118 


What is the diameter of the iron 7 What is the time of its diurnal rotation ? 


Mention the diameter of each of the primary planets ? State the distance of each 


from the son ? What is the time of the annual revolution of each ? What is the 


time of the diurnal rotation of each ? What is the diameter of each of the aste- 


roids as far as known? What the distance from the sun ? What the period of 


Annual revolution 7 
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CHAPTEE IV. 

THE DOCTRINE OP THE SPHERE. 
SECTION L 

The artificial globes are two in number, viz., the Ter- 
restrial and Celestial globes. 

The Terrestrial globe represents the earth, with its 
natural and political divisions delineated on its surface. 

The Celestial globe represents the sphere of the heav- 
ens, in the centre of which the earth appears to be placed. 

The Constellations, together with the various circles 
used in astronomy, are laid down on iVs surface. 

A Constellation is a number of staia included within a 
certain space. 

The Axis of the earth, is an iip.aginary line around 
which it rotates. 

The Poles of the earth, are two imaginary points at 
the extremities of its axis, and are called the North, or 
Arctic pole, and the South, or Antarctic pole. 

The Celestial Poles are the extremities of the earth's 
axis extended to the heavens. 

The principal great circles drawn on the sphere, are 
the Equator, the Ecliptic, and the Meridians. 



How many and whst ire the artificial globes ? What does the terrestrial 
globe represent ? What i^oos the celestial ? What are laid down on it* sur- 
faciB ? What is a cnnateDation ? What is the axis of the earth ? What are the 
poles of the earth ? What are they called ? What are the celestial poles 7 
Mention ibe principal great circles. 
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SECTION IL 

The Equator is a great circle whose plane divides the 
earth into northern and southern hemispheres. ' 

Latitude, on the earth, is distance north or south from 
the equator. 

It is reckoned on a meridian, from the equator to the 
poles. 

The greatest latitude of any place on the earth, is 90 
degrees. 

Parallels of latitude are small circles parallel to the 
equator. 

Their number is unlimited. 

The Tropics are two small circles parallel to the equa- 
tor, at the distance of 23^ degrees from it 

The Northern is called the tropic of Cancer, and the 
Southern the tropic of Capricorn. 

The Polar circles are two small circles parallel to the 
equator, at the distance of 23i degrees from the poles. 
Pjg 12. The Northern is called the Arctic 

jjigridians circle, and the Southern the Antarctic 

circle. 

Meridians are great circles which 
pass through the poles at right angles 
with the equator. 

Longitude is distance east or west 
from any established meridian. 



What is the equator ? What ia latitude on the earth ? How is it reckoned ? 
What is the greatest latitude of any place? What are parallels of latitude? 
How many are there 7 What are the tropics 7 What are they called 7 What 
are the polar circles 7 What are they called 7 What are meridians 7 What 
is longitude 7 
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The first meridian is that from 
which longitude is reckoned. 

The meridian of London or Green- 
wich is generally employed as a first 
meridian. 

The greatest longitude of any place 
on the earth, is 180 degrees. 

SECTION III.~ZONES. 

Zones are those divisions of the earth's sur&ce which 
are bounded by the tropics and polar circles. 

There are five zones, viz., 
one Torrid, two Temperate, and 
two Frigid zones. 

The Torrid zone is that which 
is included within the tropics, 
the equator passing through the 
middle of it. 

It is 47 degrees wide; 23i 
degrees on each side of the 
equator. 

The North Temperate zone is 
that which is included within the tropic of Cancer, and 
the Arctic circle. It is 43 degrees wide. 

The South Temperate zone is that included within 
the tropic of Capricorn and the Antarctic circle. It is 
43 degrees wide. 




S.Pole 



What is the first meridian? What meridian is generally used as snch? 
What is the greatest longitade of any place ? 

What are zones ? How many, and what aro they ? What is the torrid zone 7 
How ^d^^ it 7 What is the north temperate zone 7 What is the soath tem< 
peratCjJ^^B Wliat is the width of each 7 



[ow<9^^it' 
eratCj^^H "^ 
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^- ^' The North Frigid zone is that 

contained within the Arctic circle, 
having the north pole for its centre. 
The South Frigid zone is that 
contained within the Antarctic cir- 
cle, having the south pole for its 
centre. . 

The distance across each of the 
frigid zones, is 47 degrees, or 281^ degrees each side of 
the pole. V - 

SECTION IV.— THE HORIZON. 

The Horizon of any place, is the circle which separates 
the visible part of the heavens from the invisible. 

There are two horizons, 
the Sensible and the Eational 
horizon. 

The Sensible horizon is 
that small circle on the 
earth which bounds our 
prospect, where the earth 
and sky appear to meet. 

The Eational horizon is a 
great circle which is parallel 
to the sensible horizon, and whose plane divides the 
earth into upper and lower hemispheres. 



Fig. 18. 

SeTLsUile Z HoiazoTL 




What i« the north frigid zone ? What is the south frigid ? How many de- 
grees across each of the frigid zones ? 

What is the horizon ? How many horizons are there 7 What is the sensible 
horizon? What is the rational horizon? 



^^ 



* 



Digitized 



by Google 



ASTBONOMT. 



81 



The poles of tlie horizon, are called the Zenith and the 
Nadir. 

The Zenith is that point which is exactly over our 
heads. 

. The Nadir is the point opposite to the zenith, or di- 
rectly under our feet. 

The cardinal points of the horizon are the North, East, 
South, and West. 

Vertical circles are great circles which pass through 
the zenith and nadir, and cut the horizon at right 
angles. 

The Prime Vertical is that vertical circle which passes 
through the east and west points of the horizon. 

The Meridian of a place corresponHs to a vertical cir- 
cle which passes through the north and south points of 
the horizon. 

The Azimuth of a heav- 
enly body, is it's distance 
from the meridian, measured 
on the horizon. 

The Amplitude of a heav- 
enly body, is its distance 
from the prime vertical, 
measured on the horizon. 



Kg.n. 



Thtifl, in Fig^ure 17, let N E S W 
represent the plane of the horizon, N S 
the meridian, and W E the prime ver- 




Sadix 



. What are the poles of the horizon called ? What is the zenith? What is 
the nadir ? What are the cardinal points of the horizon 7 What are vertical 
circles? What is the prime vertical? What is the meridian of a place? 
What is the azimuth of a heavenly body ? What is the amplitude of a heav- 
enly body ? 
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deal ; then, if A be the posHian of the fan at its rkdng, A E wp zepreaent its 
amplitude, and A N its azimuth. 

The Altitude of a body, is its distance above the hori- 
zon, reckoned on a vertical circle. 

The Zenith Distance of a body, is its distance from the 
zenith, reckoned on a vertical circle. 

The Polar Distance of a body, is its distance from the 
pole, reckoned on a meridian. 

Circles of daily motion, are those circles which the 
heavenly bodies describe in their apparent daily revolu- 
tion around the earth. 

The Diurnal Arch is that part of a circle of daily mo- 
tion which a heavenly body describes from its rising to 
its setting. 

The Nocturnal Arch is that part which it describes 
from its setting to its rising. 

The sphere, with respect to the circles of daily motion, 
has three positions, Eight, Oblique, and Parallel. 

Kg. 18, A Eight Sphere is that in 

which the circles of daily mo- 
tion are perpendicular to the 
horizon. 

A Parallel Sphere is that in 
^**^ P^ which the circles of daily 

motion are parallel to the 
horizon. 
An Oblique Sphere is that 



What is, altitude? What is zenith distance? What is polar distance? 
What are circles of daily motion? What is the dinmal arch? What is the 
nocturnal arch ? How many positions has the sphere ? What is a right sphere ? 
What is a parallel sphere ? What is an oblique sphere ? 
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Fig. 19. 
Ptauallel Sphere 




JSTadif 



Fig. 20. 
Obligue Sphere 



in which, the circles of daily mo- 
tion are oblique to the horizon. 

Those who liye under the equa- 
tor have a right sphere, those at 
the poles a parallel sphere, and 
those between the equator and the 
poles an oblique sphere. 

The circle of perpetual appari- 
tion, is that circle in which the 
stars never set. 

The circle of perpetual occulta- 
tion, is that in which the stars 
never rise. 

Thus, iu Fig. 20, A H represents the circle of 
perpetual apparition, and B H the circle of per- 
petual occaltation. P H represents the altitude 
of the pole, which always corresponds to the 
latitude of the place. Thus the latitude of New 
York is 41 degrees north; hence the altitude 
of the north pole in that city, is 41 degrees, 
and the circle of perpetual apparition extends 41 degrees from the pole. The 
altitude of the equator or equinoctial, is always equal to the difference be- 
tween the latitude of the place and 90 degrees. Consequently, the altitude of 
the sun at noon is always equal to the altitude of tlie equator, plus its north 
declination or minus its south declination, in the northern hemisphere ; and plus 
its south or minus its north declination, in the southern hemisphere. These state- 
ments may be easily verified by an examination of the diagram. 



What inhabitants of the earth have each ? What is the circle of perpetual ap- 
parition ? What is the circle of perpetual occultation ? 

2* 



B S 
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SECTION v.— THE ECLIPTIC AND ZODIAC. 

The Equator, when referred to the heavens, is called 
the Equinoctial. 

The Ecliptic is a great circle drawn on the globe, in 
the plane of tlie earth's orbit, which it represents. 

The Ecliptic intersects the Equinoctial at an angle of 
23i degrees. 

The Cardinal points of the ecliptic, are the Equinoctial 
and Solstitial points. 

The Equinoctial points are the two opposite points, at 
which the ecliptic and equinoctial intersect each other. 

The Solstitial points are those points of the ecliptic, 

farthest from the equinoctial, or where it touches the 

tropics. 

The Equinoctial Colure is 

the meridian which passes 

through the equinoctial 

pointjs. 

The Solstitial Colure is 

the meridian which passes 

through the solstitial points. 

Thus, in Fig. 21, S and S' represent 
the solstitta] points, and E one of the 
equinoctial points, the other being in the 
hemisphere not represented in the dia- 
gram. 

The Zodiac is a zone or belt 16 degrees wide, encom- 




Wliat is the equinoctial 7 What is the ecliptic ? At what angle does the 
ecliptic intersect the equinoctial ? What are the cardinal points of the ecliptic ? 
What are the equinoctial points ? What are the solstitial points ? What is 
the equinoctial colure ? What is the solstitial colure ? What is the zodiac f 
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passing the globe, at the distance of eight degrees on 
each side of the ecliptic. 

The planets, except most of the Asteroids, move within 
the zodiac. 

The ecliptic and zodiac are divided into twelve equal 
parts, called Signs. Each sign contains 30 degrees. 

The course of the sun, in his apparent yearly revolu- 
tion around the earth, is indicated by these signs. 

The sun appears to move, from west to east, through 
each sign successively, — while the earth passes through 
the opposite sign. 

This apparent motion is caused by the real revolution 
of the earth, in its orbit, around the sun. 

The following are the names of the signs, and the day 
on which the sun enters each of them : 



I Aries ^ Twenty-first of March. 

Taurus « Twentieth of April. 

Gemini n Twenty-first of May. 

I Cancer ffi Twenty-first of Juhe. ' 

Leo ^ Twenty-third of July. 

Virgo "K Twenty-third of August 

Libra ^ Twenly-third of September. 

Scorpio ^. Twenty-third of October. 

Sagittarius f Twenty-third of November. 

ICapricornus V5* Twenty-second of December. 

Aquarius OX Twentieth of January. 

Pisces K Eighteenth of February. 



signs. 

Summer 
signs. 



Antamnal 
signs. 



nal j 

• I 



Winter 
signs. 



What bodies move within it t How are the ecliptic and zodiac divided 7 
What is indicated by the signs 1 How does the son appear to move T What 
is this apparent motion cansed by 1 Mention Ae names of the signs, and the 
day on which the stm enters each. 
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The Equinoctial pointe are the first degree of the sign 
Aries, called the Vernal equinox, and the first degree 
of Libra, called the Autumnal equinox. 

The Solstitial points are the first degree of Cancer, 
called the Summer solstice, and the first degree of Capri- 
corn, called the Winter solstice. 

The sun passes the equinoctial points on the 21st of 
March, and the 2Sd of September. 

It passes the solstitial points on the 21st of June, and 
the 22d of December. 

The Latitude of a heavenly body, is its distance north 
or south firom the ecliptic. 

This is called Celestial Latitude. 

Celestial Longitude is distance on the ecliptic, reck- 
oned fi:om the first degree of Aries, eastward round the 
globe. 

The greatest longitude of a heavenly body, is 360 
degrees. 

The Declination of a heavenly body, is its distance 
north or south firom the equinoctial. 

Declination corresponds to latitude on the earth. 

The Eight Ascension of a heavenly body, is its dis- 
tance from the first degree of Aries, reckoned on the 
equinoctial eastward round the globe. 

The greatest right ascension of a heavenly body, is 
360 degrees. 



"Where are the equinoctial points, and what are they caUed ? Where the 
solstitial, and how named ? When does the sun pass the eqainoctial points 1 
W^en the solstitial 7 Wha^ is the latitude of a heavenly hody 7 What is this 
called ? What is celestial longitade ? What is the greatest longitade of a 
heavenly body 1 What is declination ? To what does it correspond ? Whit 
is right ascension 1 What is its greatest amount ? 
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The sun is said to be vertical to a place, when it is 
directly over that place. i, 

SECTION VI.~DAY AND NIGHT, SEASONS, &c. 

The succession of day and night, is occasioned by the 
rotation of the earth on its- axis. 




In Figure 22, it will be seen, that the axis of the earth, in the positions 
A, B, C, and D, points in the same direction ; and that at A and C, each pole is 
presented alternately to the sun ; while at B and D, the axis leans sidewise to 
it, and both polar circles are equally illuminated. The following statements will 
be understood, from an inspection of this diagram : 

When is the sun said to be vertical to a place ? 

By what is the succession of day and night occasioned 7 
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The change of the seasons, is caused by the inclination 
of the earth's axis to the ecliptic, and its revolution 
around the sun. 

The change of the seasons is regular, because the 
earth's axis always points in the same direction. 

When the Sun enters Cancer, the north pole is pre- 
sented to the Sun; and summer is produced in the 
Northern hemisphere, and winter in the Southern. 

When the Sun enters Capricorn, the south pole is pre- 
sented to it; and winter is produced in the Northern 
hemisphere, and summer in the Southern. 

When the Sun enters Aries, the earth's axis leans side- 
wise to it; and spring is produced in the North temper- 
ate zone, and autumn in the South. 

When the Sun enters Libra, the earth's axis leans 
sidewise to it ; and autumn is produced in the North 
temperate zone, and spring in the South. 

Summer is produced in either hemisphere, By the rays 
of the sun striking that part of the earth directly, so that 
they are collected on a smaller surface. 

Winter is produced by the sun's rays striking a por- 
tion of the earth obliquely, so that the same amount of 
light and heat are spread over a greater surfece. 

This will be evident, from an inspection of Fig^ure 23, in which it will be 
seen, that the same quantity of rays that covers the north polar circle, covers the 
soath temperate zone, and half the torrid zone ; the rays in the north temperate 
zone being direct, in the other obliqne. 



By what is the change of the seasons cansed ? Why is this change regnlar? 
When the sun enters Cancer, what are the effects ? When the sun enters 
Capricorn, what effects are produced ? When the sun enters Aries, what are the 
effects ? When the sun enters Libra ? What produces summer ? What pro- 
duces winter? 
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When the Sun is in either of the Equinoxes, the days 
and nights are equal, in every part of the earth. 

When the Sun is in either of the Solstices, all places 
in the same hemisphere have their longest day, and 
those in the other their shortest day. 

Places situated at either of the Poles, have continual 
day, during the whole six months the sun is in the same 
hemisphere ; and continual night, during the six months 
it is in the other. 

All places in the Frigid zones, have their day longer, 
or shorter, in proportion to their distance from the pole. 

The Antoeci are those people who live imder the 
same meridian, and in the same degree of latitude, on 
the opposite side of the equator. 

The Perioeci are those who live in^the same latitude, 
but in opposite longitude. 

The Antipodes are those who live diametrically oppo- 
site to each other. 

Their latitude and longitude, seasons, and day and 
night, are contrary to each other. V 



When the sun is in either of the equinoxes, what is the e£fect on the day and 
night 1 What, wh^n the snn is in either of the solstices ? What is said of 
places at either of the ipdieal How is the day, at places in the frigid zone, 
proportioned? What are the Antoeci? What are the Perioeci? What are 
the Antipodes 1 What is said of their latitade, etc. 1 
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QUESTIONS FOB EXEROISJB. 

Wbat is the latitude of the north polef 

What is the lat'itude of a place under the equator! 

New York is about 49 degrees from the north pole, what is its 
latitude ? 

How &r is it from tiie south pole ? 

What is the latitude of a place under the tropic of Cancer f 

What, under the Antarctic circle ? — What, under the tropic of 
Capricorn ? 

Which is the largest zone ? — Which, the two smallest ? 

At which is the heat greatest ? — ^At which, the cold ? 

What is the greatest altitude of a heavenly body ? 

Where is the altitude greatest ? — Where is it nothing ? 

The zenith distance of a star is 15 degrees; what is its al- 
titude ? 

The altitude of a star is 40 degrees ; what is its zenith distance ? 

In what position of the sphere do the inhabitants of New York 
live ? 

How many degrees wide is the cifcle of perpetual apparition in 
the latitude of New York ? — ^At the north pole ? 

How many degrees wide is it at the equator ? 

The declination of a certain star is 60 degrees north; does it 
ever set in New York ? 

Does it set in latitude 60° N. ?— Does it rise in latitude 40*^ S. ? 

What is the greatest latitude of the sun? — Of a primary 
planet?— Of a star? 

What is the greatest declination of the sun ? — Of a primary 
planet ? — Of a star ? 

At what two points is the declination of thp sun greatest ? — 
At what points is its declination nothing ? 

What is the Right Ascension of the sun in the first degree of 
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Cancer ? — ^What in the first degree of Capricorn ? — Wliat in the 
first degree of Libra? — ^What in the vernal equinox? 

What is the longitude of the sun at each of these points ? 

Where is its longitude nothmg ? 

"When the sun is at either of the equinoctial points, "what is its 
altitude, at noon, in New York ? 

What is its greatest altitude, in New York, during the year ? 
— ^What is its least? 

The declination of a certam stsa is 80 degrees north ; what is 
its altitude when on the meridian in New York ? — Its zenith 
distance? 

What must its declination have been to be seen in the zenith ? 

When is it longest day in New York ? — ^When in Washington ? 

When is it shortest day at New York ? — ^At Cape Horn ? 

When are the days and nights equal in New York ? — ^When 
in Boston ?-^When at the equator ! 

A star is seen on the meridian, in New York, at an elevation 
of 40 degrees; what ia its amplitude, azimuth, and zenith 
distance? 



CHAPTER Y. 

THE SUN. 



The Sun is a luminous body placed in tlie centre of 
the Solar System. 

It dispenses light and heat to all its attendant bodies. 

The Sun's Apparent diameter is about half of a de- 
gree, (32 min.) 



What if the son 1 What does it dispense? What is its apparent diameter t 
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Its Linear diameter is 887,000 miles. 

The Sun has three revolutions ; one, on its axis, in 25 
days and a half; another, around the centre of -gravity 
of the system ;* and a third, around the centre of the 
universe. 

The density of the Sun is only one fourth that of the 
Earth, being but little heavier than water. 

The Disc of the Sun, on being examined with a tel- 
escope, exhibits certain dark spots, which are constantly 
varying in number, size, and appearance. 

Though most of them are very small, yet some have 
been seen, more than 50,000 miles in diameter. 

They are mostly confined to a zone extending thirty 
degrees, on each side of its equator. 

Astronomers suppose the Sun to be an opaque body, 
surrounded by an atmosphere of luminous matter. 

The spots are supposed to be openings in the luminous 
atmosphere, through which the dark body of the Sun 
becomes visible. 

The spots appear to move across the disc of the Sun 
from east to west, occupying about two weeks in their 
passage. 



What is iu linear diameter 7 How many revoladons has it 7 What is its dens- 
ity? What does its disc exhibit? How large are the spots? To what part 
of Che son toe they confined? What do some astronomers suppose the san 
to he? What are the spots snpposed to he? How do the spots appear 
to move 7 



* The centre of gravity of any number of bodies, is that point around which they all 
balance each other. If we take a large body, and connect it by means of a rod with a 
small one, the centre of gravity of the two, will be that point of the rod, on which th^ 
can be equipoised or balanced. 
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This appearance affords a proof of the Sun's revolution 
on its axis from west to east.* 

Light passes from the Sun to the earth with a velocity 
of 192,000 miles in a second, and reaches the Earth in 
about eight minutes. 

Two theories have been advanced, respecting the na- 
ture of light: 

1. That it is composed of exceedingly small particles 
of matter. This was the opinion of Sir Isaac Newton. 

2. That it is occasioned by rapid vibrations in a very 
etherial fluid, pervading all space. 

Many modern opticians of great eminence maintain 
the latter theory. 

Light proceeds from the Sun, in itraight lines, and in 
all directions. 

The axis of the Sun, is nearly perpendicular to the 
plane of the Ecliptic, making with it an angle of about 
82i degrees. 



What does this appearance prove ? What is the velocity of light T How soon 
does it reach the earth ? Mention the two theories respecting the nature of 
light How does it proceed from the son ? What is the position of the sun's 
axis? 



* It may appear singular, ai the first view, to infer an eastward rotation of the son 
from so apparent westward motion of the solar wpoXa, But it most be remembered, 
that the sides of the son and earth presented to each other, at any time, are moving in 
opposite direettons in space, though both bodies move in the same direction, in circa- 
lar motion. 
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CHAPTER VL 

INFERIOR PLANETa 



i 






Z^ The Inferior Planets are Mercury and Yenus. 

' Mercury is the smallest of the eight primary planets, 

and the nearest to the Sun. 

Mercury is rarely visible to the naked eye, because it 
is so near the Sun. 

Its greatest Elongation is about 29 degrees. 

The Velocity of Mercury in its orbit is 110,000 miles 
an hour. 

The Inclination of Mercury's orbit, as well as its ec- 
centricity, is greater than that of any other of the eight 
primary planets. 

Its Density is also greater, being twice that of the Earth, 
or as heap as lead. y (, fx U j ^' ^' 

^ Venus is toe second planetffrom the Sun. oniz- t 

The Orbit of Venus is nearfy a circle, and is very lit- 
tle inclined to the Ecliptic. 

The greatest Elongation of Venus is 47 degrees. 

Venus is called the Morning Star, when it is west of 
the Sun, and rises before it. 

It is called the Evening Star, when it is east of the 
Sun, and sets after it. 



■\^ j! ^ 



'4-' 



Which are the inferior planets ? What is said of Mercury ? Why is it rarely 
visible ? What is its greatest elongation ? What is its velocity in its orbit t 
What is said of the inclination of its orbit, and its eccentricity 7 What of 
its density 7 WTiat is Venus 7 What peculiarities in its orbit 7 What is its 
greatest elongation 7 When is it called the morning star 7 When the evening 
start 
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Yenus is a Morning and an Evening Star alternately 
during 290 days. This is caused by the Earth's revolv- 
ing round the Sun the same way. 

The axis of Yenus, makes an angle of 15 degrees with 
the plane of its orbit. 

The Tropics of Yenus, therefore, are 75 degrees from 
her Equator, which makes her Torrid Zone and Polar 
Circles, 150 degrees wide. 

Kg. 24. 




This will be eafiily understood, on inspecting the annexed diagram, which 
represents the sun in her northern tropic, when all places situated more than 
15 degrees north of her equator, faavo constant day, and all more than 19 degrees 
south of it, constant night This prodaces winter at the equator, and witliin 
the south polar circle, and summer within the north polar circle. In one fourth 
of her year, when the sun will have arrived at the equator, there will be equal 
day and night all over the planet, summer at the equator, autumn within the 
north polar oirelA, and spring within the south polar circle. As the sun ai rives 
at the equatoi^ and departs at its greatest distance from it, twice daring the 
year, there mnst be two summers and winters, at that part of the planet, during 
a period of 224 days ; and a summer and winter at each of the poles, which suf- 
fer a change from the burning heat of a vertical sun and constant day, to the in- 
cold of perpetual night. 



The Phases of Mercury and Yenus, when viewed 
trough a telescope, appear similar to those of the Moon. 



How long is Venus a morning and evening star alternately ? How is this 
caused? What angle does its axis make with the plane pf its orbit 7 How fat 
are her tropics from her equator T bow wide is her torrid zone and polar cii:- 
dest What phases does Venus present 7 
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The Transit of Mercury or Yenus, is ita passage across 
the Sun's disc. 

A Transit takes place, when, at the time of inferior 
conjunction, the planet is at or near one of its nodes. 

At the time of a Transit, Mercury or Yenus appears 
like a small black spot, passing across the disc of the 
Sun. 

This appearance affords a proof that they are opaque 
bodies. 

The transits of Yenus afford a method for calculating 
the distance of the Earth from the Sun. 

The last transit took place in 1769 ; the next will occur 
in 1874. 



CHAPTER YIL 

THE EABTH. 



The Earth is the planet on which we live, and is the 
third from the Sun. 

Its shape is an .oblate spheroid, or very nearly a 
sphere. 

Its Equatorial diameter, is about 7925 miles, and its 
Polar diameter is 26 miles less. 



What is the transit of Mercury or Venas 7 Wlien does a transit take place t 
How do Mercary and Venus appear daring a transit 7 What does this prove 7 
Wliy are the transits of Venns important 7 When did the last transit occur 7 
When will the next 7 

What is the earth 7 What is its shape 7 What are its equatorial and polar 
diameters? 
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We have the following proofe that the Earth is a 
spherical body: 

1. Navigators have sailed around it. 

2. The top of a distant object at sea, is seen before 
any other part. 

3. It casts a circular shadow on the disc of the moon, 
in a lunar eclipse. 

The Earth is 96,000,000 miles from the Sun, in sum- 
mer, and 94,000,000 miles in winter; its mean distance 
is 95,000,000 miles. 

It is at its aphelion, July 1, and at its perihelion, 
January 1. 

The Earth revolves around the Sun, from west to 
east, once every year. 

It revolves on its axis, from west to east, once every 
24 hours. 

We have the following proofs that the Earth turns 
on its axis : 

1. All the heavenly bodies, appear to revolve around 
the Earth, from east to west, every day. 

2. The other primary planets are known to revolve 
on their axes. 

3. The trade winds and ocean currents, can be ac- 
coxmted for in no other way. 

The spheroidal shape of the Earth, is caused by its 
rotation on its axis.* 

How 18 the earth proved to be spherical ? How ftr is the earth from the 
son ? When is it at its aphelion and perihelion ? In what time does it re- 
volve aroond the sun 7 In what time on its axis 7 What proofs have we that the 
earth tarns on its axis 7 What is the canse of the spheroidal shape of the earth 7 



• The velocity of the eqoatorial parts of the earth, is more than 1000 miles an hour. 
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The Earth moyes in its orbit with a velocity of 68,000 
miles an hour. 

The Density of the Earth is 5i times that of water. 

The Earth is attended by one satellite, called the 
Moon. 



CHAPTER Vni. 

THB ATlfOSPHSBE OF THE EABTH. 

The Earth is surrounded by an elastic, invisible fluid, 
called Air. 

The Earth's atmosphere consists of air, vapor, and 
many different gases. 

Its height is estimated to be about 46 miles. 

Air is composed of Oxygen and Nitrogen gases, in 
the proportion of 20 parts of Oxygen to 80 parts of 
Nitrogen. 

Oxygen supports life, heat, and vegetation. 

Air is 816 times lighter than water. 



What is the earth'! velocity in its orbit T What ia iu density T By what is 
it attended? 

By what is the eardi Borroanded 7 Of what does its atmosphere consist t 
What is its heightf Of what is air composed ? What is said of oxygen? 
What is the weight of air ? 



This veledty dtmiiilshsS) as we a|^>roaoh tbe^potos, at which points it becomes noth- 
ingk The great Tdodtj at the equator, occasions a mnch greater ceutriftigal forces at 
that part than at any other; in consequence ot which, the water recedes from the 
poles, and accnmnlates aft the equator, giving to the earth the shape mentioned in the 
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The pressure of the atmosphere is about 16 pounds to 
every square inch. 

The Atmosphere becomes less and less dense, as we 
ascend from the surface of the Earth. 

At the height of seven miles, it is only one fourth as 
dense as at the surface. . 

Clouds are condensed vapors floating in the air. 

Wind is air put in motion. 

Motion is produced in the atmosphere, by any portion 
of it becoming heated, and hence made lighter, so that it 
rises ; and the heavier surrounding air, rushes in to fill 
its place. 

Winds differ in their Direction, Force, and Duration. 

The Trade Winds, are those which alwaya blow in 
the same direction. 

Their direction is from the north-east on the north 
side of the Equator ; and from the south-east on the 
south side of the Equator. 

They prevail between the Equator, and 80 degrees of 
north and south latitude. 

Trade Winds are caused by the cold air rushing from 
the Poles to the Equator, together with the Earth's rota- 
tion on its axis. 

Land and Sea Breezes, are those which blow one part 
of the day from the land, and another part from the sea. 

They prevail in the islands of the Torrid zone. 



What is the pressare of the atmosphere ? VHien does the atmosphere he- 
oome thumer 1 What is its density at the height of seven miles 7 What are 
doadst What is wind? How is motion caased, in the atmosphere? How 
do winds differ T What are trade winds T ' What is their direction ? Where 
do they prevail f By what are they caused 7 What are land and sea hreezes 7 
Where do they prevail 7 
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Bain 19 oocasioned by the clouds becoming condensed, 
and heayier than the air, so that the j descend to the 
Earth. 

Snow consists of particles of frozen vapor, which, be- 
ing but a little heayier than the air, descend gently to 
the Earth. 

Hail is produced by a sudden freezing <rfthe drops of 
ndn, when blown into the cold region^ of the atmos- 
phere. 

Fogs and Mists are clouds resting on the sur&ce of 
the Earth. 

Fogs are caused by the warm vapors of the Earth's 
surfisice being condensed by the cold air above it 

Dew is moisture deposited by the air, upon a odd 
surface. 

The following are some of the uses of tiie Earth's 
atmosphere : 

1. It scatters and equalizes ^e light of the sun. 

2. It supports life and vegetation. 

8. It waters the soil of different countries, by means 
of rain, etc. 

4. It affords a means of communicating soimds. 

Most of the other planets are supposed to have atmoa^ 
pheres. 






How is rain oociunoiiedt What is snow? Wliat is bail? What are fogs 
Bustot By what are togs caused? What is dew? Mention somei of the 
oftheatnx>^here. Hare the ocher planets ajtviosphei:^ ? 



Digitized 



by Google 



ASTBONOIfY. SI 



CHAPTER IX. 

THE MOON. 

The Moon is a Satellite of the Earth. 

Its Diameter is about 2180 miles. 

Its Apparent diameter is about one half of a degree. 

Its Distance from the Earth is^ 240,000 miles. 

The Moon revolves around the Earth, from west to 
east, in about 27i days, (27 days, 7 h. 43 m.) 

The Moon revolves upon its axis in exactly the same 
tune that it revolves around the Earth. 

The eflfect of this is, that the same hemisphere of the 
Moon is constantly turned towards the Earth. 

The time which elapses between one New Moon and 
another, is 29i days. 

This period is longer than a complete revolution, be- 
cause the Earth is revolving around the Sun the same 
way. 

The time from one New Moon to another^ is called a 
Synodical month. 

The Moon's orbit is inclined to the ecliptic, at an angle 
of 6^ degrees. 

The Axis of the Moon is nearly perpendicular to th^ 



What is the moon 7 V^hat is its diameteir 7 What is its apparent diameter 7 
How ftr is it from the earth ? In what time does it revolve around the earth 7 
In what time does it revolve npon its axis 7 What is the effect of this 7 What 
time elapses between one new moon and another 7 Why is this period longer 
than a complete revolution 7 What is this period called 7 At what angle is the 
moon's orbit inclined to the ecHpticT What is die position of her axis, and 
what seasons has she 7 
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Ecliptic, consequently she experiences no cliange of sea- 
sons, except such as occur every month. 

The Moon generally rises, about 50 minutes later 
every successive day. 

The Moon rises later, because, as she advances east- 
ward in her orbit, the Earth has to turn on its axis so 
much farther to overtake her. 

Harvest Moon is the fall moon, which occurs in Septem- 
ber and October, when it rises only a few minutes later, for 
several successive evenings ; and, thus aflfording light for 
collecting the harvest, is therefore called Harvest Moon. 

Harvest Moon is caused by the Moon's orbit making 
a small angle with the Horizon, so that she descends 
but little belpw it, as she advances. 

The Moon is one half of the Earth's diameter, or 4000 
miles, nearer to us, when in the zenith, than when in 
the horizon. 

Phases of the Moon, are the different appearances 
which she exhibits to our view. 

New Moon occurs when sTie is in Conjunction, and 
the dark side is presented to us. 

First Quarter is when, after, conjunction, she is in 
Quadrature, and half of her disc is visible to us. 

Full Moon is when she is- in Opposition, and the 
whole of her disc is visible to us. 

Last Quarter is when, after Full Moon, she is again 
in Quadrature, and exhibits only half of her disc. , 



Does the moon rue at the lame hoar every day ? Why does she riae later f 
What is harvest moon 1 By what is it caased 7 Is the moon always at the 
same distance fiiom ns t What are the moon's phases t When does new mo(m 
occorf What is first quarter f What is foil moon f What is last qoarter f 
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When the Moon is between New Moon and Quadra- 
ture, and exhibits less than half of her disc, she is said 
to be Horned. 

When she is between Quadrature and Opposition, and 
exhibits more than half, but not the whole of her disc, 
she is said to be Gibbous. "^ 

The phases of the Moon, are caused by different por- 
tions of her illuminated face, being turned towards the 
Earth. 

The Moon's disc, when viewed through a telescope, 
presents a diyersified appearance of dusky and bright 
spots. 

The bright spots, are supposed to be mountains, and 
the dusky places, plains and valleys. 

Fig. 25. 



> 




When is the moon said to be homed? When is she said to be gibbons T 
By what are the phases of the moon caused? How does the moon's disc ap- 
pear, when viewed through a telescope 7 What are the bright spots 1 What 
the dasky spotf 7 
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Some of the mountains have been calculated to be 
about five miles in height 

The Moon is supposed to have very little, if any at- 
mosphere; and, consequently, cannot be inhabited by 
beings like ourselves. 



CHAPTEE X. 

KABS. 



Mars is the fourth planet from the Sun, and is the 
smallest, except Mercury. 

It is about one seventh of the size of the Earth. 

The Axis of Mars is inclined towards its orbit about 
80 degrees. 

The Seasons, therefore, of Mars, resemble those of the 
Earth, but are nearly twice as long. 

The Oblateness of Mars' figure is more than twenty 
times as great as that of the Earth. 

Mars may be distinguished from the other planets, by 
its red, fiery color. 

The Disc of Mars, when viewed with a telescope, ex- 
hibits the outlines of apparent continents and seas ; the 



Hpw high wre the moontaias in the moon 7 Has the moon any atmosphere f 
Is she inhabited? 

What is Mars? What is its size? What is the inclination of ito axis? 
What seasons has it 7 What is said of iu figure 7 How may it be distill- 
gnished 7 What does its disc exhibit when viewed with a telescope f 
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continents appearing of a ruddy, and the seas of a green- 
ish color. 

T^he Disc of Mars also exhibits, brilliant white spots, 
alternately at each of the poles. 

These spots are supposed to be accumulations of ice 
and snow ; because they disappear at the pole as summer 
advances upon it. 

The ruddy color of Mars is supposed to arise from a 
very dense atmosphere which surrounds it. 

Mars is sometimes gibbous, but never homed; be- 
cause it does not pass between us and the Sun. 



CHAPTER XL 



Jupiter is the largest planet in the Solar System. 

It is about 1300 times as large as the* Earth. 

The Axis of Jupiter, is nearly perpendicular to its 
orbit, and it has, therefore, -no change of seasons. 

The Orbit of Jupiter, makes an angle of about one 
degree with the plane of the Ecliptic. 

Jupiter is remarkable for the Oblateness of its figure, 
occasioned by its rapid rotation on its axis. 



Wbat does its disc also exhibit ? What are these spots sapposed to be 7 
Why 1 What is the caase of the raddy color of Mars f What phases does it 
exhibit T Why is it never horned ? 

What is Japtier ? What is its sizeT What is the position of its axis? 
Wbat seasons has it? What is the inclination of its orbit 7 !For wbat is Jupi- 
ter remarkable T 
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The Equatorial diameter of Jupiter is more than 6,000 
miles greater than its Polar diameter. 

The Velocity of' the Equatorial parts of Jupiter is 
about 28,000 miles an hour. 

The Density of Jupiter, like that of the Sun, is only 
one fourth that of the Earth, being but little heavier 
than water. 

The Disc of Jupiter, when viewed with a telescope, 
exhibits dusky belts, parallel to each other, and at right 
angles with its axis. 

The Belts of Jupiter, are supposed to be the dark body 
of the planet, seen between clouds in its atmosphere. 

Jupiter is attended by four Satellites, all of which are 
larger than the Moon* 



CHAPTER Xn. 

SATURN. 



Saturn is the sixth planet from the Sun, and is the 
largest except Jupiter. . 

It is 1,000 times as large as the Earth. 

The Axis of Saturn inclines 28 degrees towards the 
plane of its orbit. 



How much does its equatorial diameter exceed its polar? VThat is tbe 
velocity of its eqnatorial parts ? What is its density T What does its disc ex- 
hibit ? What are the belts supposed to be ? By what is Japiter attended ? 

What is Saturn ? What is its size 7 What is the inclination of its axis 1 
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Its Seasons are, therefore, similar to those of the 
Earth, but about thirty times as long. 

The figure of Saturn is remarkable for being flattened 
at the Equator as well as at the Poles, and presents the 
appearance of an irregular square. 

The Density of Saturn is about one tenth as great as 
that of the Earth, being as light as cork. 

Saturn is encompassed by two large Kings of solid 
matter. 

These Eings are situated in the plane of its equator. 

The following are their dimensions: 

Breadth of inner ring, 17,000 miles. 

Interval between this and outer ring, 1,800 miles. 

Breadth of outer ring, 10,000 mUes. 

Distance from the planet to the inner ring, 19,000 
miles. 

The thickness of the rings, is supposed to be 100 miles. 

They are proved to be opaque, by their casting a 
shadow on the planet, and receiving the shadow of the 
planet. 

They revolve on an axis, in the same time as the 
planet. 

The Disc of Saturn exhibits belts similar to those of 
Jupiter. 

Saturn is attended by eight Satellites. 



What seasons ha» it? How is its fig^are remarkable 1 What is ite density T 
By what is Saturn encompassed 7 How are the rings situated ? Recite their 
dkiensions? What is the thickness of the rings *? How are they known to be 
opaque f In what time do they reyolve 7 What does the disc of Saturn ex- 
l^it? By how many satellites is Saturn attended 7 



8* 
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CHAPTER Xm. 

UBANUS OB HEBSCHEL. 

TJbanus is the seventh planet in the Solar System. 

It was discovered in 1781, by Sir William Herschel. 

Its magnitude is 85 times as great as that of the Earth. 

It revolves on its Axis in about 9i hours. 

It is supposed to be attended by six Satellites; but 
ojily three of these are positively known to exist 

These Satellites revolve from east to west,— differing, 
in this respect, from all the other planets. 

To an inhabitant of Uranus, the Sun appears no 
larger than'Yenus does to us, — ^its apparent diameter 
being only one minute tmd a half. 



, CHAPTER XIV. 

NEPTUNE OB LEVSBBISB. 

N'eptune is the most distant planet known in the 
Solar System. 

It was first observed, in 1846, by Dr. Gtdle, of Berlin. 

The position of this planet was very nearly ascer- 
tained by Leverrier, a French mathematician, before its 



WhatiftUramiB? When, and by whom, was it discovered ? What is its mag- 
nitade T In what time does it revolve on its axis 7 By how many satellites is it 
attended 7 How do they revolve 7 How large does the son appear at Uranus 7 

What is Neptune 7 When, and hy whom, was it discovered 7 How and by 
whom was its position previously calculated 7 
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actual discovery, by observing its action upon the planet 
Uranus. 

Neptune is believed to be accompanied by two Satel- 
lites. 

The light and heat of Neptune are 900 times less than 
at the Earth. 

This planet was dtacovered under circnmitanoes, wluch -giwe a greater tri- 
omph to modem science, than any other discovery recorded in the annala of 
human knowledge. Daring several years previous, Uranas had been observed 
to deviate, in a mysterious manner, from the path assigned to it by the ntoac 
careful calculations. Nothing but the sapposition of another planet, existing 
somewhere in its vicinity, conld account for the disturbance. Accordingly, tl¥0 
mathematicians, Mr. Adams, of England, and M. Leverrier, of Paris, undertook 
to calculate the position of this unknown planet. Both, though unknown to 
each other, arrived at conclusions differing but slightly. M. Leverrier, how- 
ever, wrote to Dr. Galle, of Berlin, and reqaested him to direct his telescope to 
a certain point of the heavens. He did so, and the newplanet was finuid within 
only one degree of the point specified by the mathematician. 



CHAPTEE XV. 

THE ASTEROIDS. 



The Asteroids are a number of small bodies revolv- 
ing between the orbits of Mars and Jupiter. 

The Asteroids are distinguished from the other pri- 
mary planets, by the following circumstances : 

1. Their orbits have a much greater inclination to the 
ecliptic; that of Pallas, making with it an angle of 84+ 
degrees. 



By how many satellites is it accompanied ? How much Hght and heat has it f 
What are the asteroids 7 How are they distinguished from the other planetaf 
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2. Their orbits are much more eccentric, especially 
those of Juno and Pallas. 

8. Their orbits, instead of being concentric, cross each 
other. 

4. They revolve aroupd the Sun, at very nearly the 
same distance from it, and in about the same time. 

The magnitudes of these bodies have not been cer- 
tainly ascertained; but they are supposed to be all 
smaller than the Moon. 

Their average distance from the Sun, is about 260 mil- 
lions of miles. 

Their annual revolution is performed in about 4+ 
years. 

All the Asteroids have been discovered during the 
present century. Ceres, Pallas, Juno, and Vesta, be- 
tween 1801 and 1807 ; and the others since 1846. 



CHAPTER XVI. 



APPARENT MOTIONS OF THE HEAVENLY BODIEa 

All the heavenly bodies collectively^ have two appa- 
rent revolutioiis around the earth ; an Annual revolution 
rom west to east^ and a Daily revolution from east to west. 

The first of these is caused by the Annual revolution 
of the Earth, and the second by its Diurnal rotation. 



What are their magnitades 7 What is their average distance from the son ? 
What is the time of their ammal revolution ? When were they discovered 7 

What apparent revolutions have the heavenly bodies collectively 7 How are 
these caused 7 
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The heavenly bodies rise in the east and set in the 
west, once every 24 hours, in consequence of the rota- 
tion of the earth on its axis. 

The planets individually have two apparent motions : 
viz.. Direct and Retrograde. 

A planet's motion is said to be Direct, when it ap- 
pears to move from west to east, according to the order 
of the Signs. 

A planet's motion is said to be Retrograde, when it 
appears to move backward, from east to west, or con- 
trary to the order of the Signs. 

When a planet appears to remain for some time, in 
the same point of the heavens, it is said to be Stationary. 

These appearances are caused by the real motion of 
the Earth, together with that of the planet. 

A planet appears to be Stationary, when it is moving 
directly towards, or from the Earth. 

In the annexed diagram, supposing the earth to be at rest at E, vrhen Venas 
moves from V'to V'/she appears to move from D to B, westward or contrary 
tor the order of the signs ; and when she passes from Y' back again to V, she 
appears to move from B to D, or according to the order of the signs. Bat in- 
stead 6f being at rest, the earth is moving the same way. Suppose, therefore, 
she moves from E to E', while Venus is moving from V to V ; when Venus 
arrives at V, she will have appeared to pass from D to B', in the same direo- 
tion as before, only not so far by the arc B B'. If the earth moves frt>m B to E', 
while Venus is moving from V' to V, Uranus will appear to pass from B to D', 
in the same direction as when the earth was at rest, only farther by the arc 
D jy. The earth's motion, therefore, does not affect the apparent direction of an 
inferior planet's motion, but makes it slower as it passes through its inferior, 
and quicker as it passes through its superior conjunction. The apparent motion 



Why do the heavenly bodies rise and set? What apparent motions have the 
planets individually ? When is a planet's motion said to be direct ? When is 
it said to be retrograde ? When is a planet said to be stationary ? By what 
are these appearances caused 7 When does a planet appear to be stationary 7 
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of an inferior planet is therefore retrograde, while passing throagfa its inferior, 
«lid dhect while passing throagfa its saperior conjanction. Were the earth at 
reat» the planet wooM appear stationary at the points of greatest elongation, 
viz^ at y and V ' ; bat, |Owing to the earth's nxition, this happens at a point 
between inferior coi^janction and greatest elongation. 

The apparent modons of a svperior planet, are somewhat different from those 
of an inferior planet, because the earth is monng fester than the planet ; bat 
they may be explained in a similar manner. In passing throagh its saperior 
conjanction, the motion of a saperior planet is direct, because the combined 
effsct of ^ earth's and planet's own motions, is to give it such tf* motion ; but in 
opposition, the earth moving more rapidly, passes the planet, and gives it an 
apparent retrograde motion. Thas, when Mars is moving from M to M\ were 
the earth at rest, at E, it woald appear to move from B to A, while the effect 
of the earth's motion is only to give it a greater apparent motion in the same 
direction. From d to Q,', it is direct or retrograde, according as the effect of the 
earth's motion is greater or less than that of the planet When these effects are 
the same, the plaaet appears stationary, which happens between qoadratore 
and oppositioB. 

Fig. 86. 
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CHAPTER XVTL 

ECLIPSES. 

An Eclipse is the conceabnent of a heavenly body, 
by some opaque body, intercepting the Sun's rays. 

The principal Eclipses, are the Solar and Lunar. 

A Solar Eclipse, is an eclipse of the Sun. 

It is caused by the Moon's passing between the Earth 
and the Sun, and concealing the Sun from our view. 

A Lunar Eclipse, is an eclipse of the Moon. 

It is caused by the Moon's passing through the Earth's 
shadow. 

A Solar Eclipse can happen only at New Moon; a 
Lunar Eclipse, at Full Moon. 

Eclipses are of two kinds, Total and Partial. 

A Total Eclipse is one, in which the disc is entirely 
concealed. 

A Partial Eclipse is one, in which only a part of the 
disc is concealed. 

An Annular Eclipse is an eclipse of the Sun, in which 
a bright ring appeaars around the dark body of the 
Moon. 

It happens when the Moon is too &r from the Earth, 
to conceal the whole of the Sun's disc. 



Wbat is an eclipse f What are the prkidpal eolipaes 7 What i« a solar 
eclipse f How is it caused 7 Wbat is a lonar eclipse 7 How is it caused 7 
When can these eclipses happen 7 Of how many kinds are ec1ipses7 What 
is a total edipse 7 What is a partial eclipee7 What is aa annnlar eclipse 7 
When does it happen 7 
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An eclipse does not happen at every new and full 
Moon ; because the Moon is not at, or near its node. 

The Ecliptic Limit, is the distance from the node, 
within which an eclipse can occur. 

The Solar Ecliptic Limit, extends 17 degrees, each 
side of the node. 

The Lunar Ecliptic Limit, extends 12 degrees, each 
side of the node. 

The Penumbra, is the faint shadow caused by a partial 
interception of the Sun's rays. 

The Earth's shadow, varies in length, as the distance 
of the Earth from the Sun. 

At the Earth's mean distance from the Sun, it is 
860,000 miles in length. ^ 

Its breadth, where it eclipses the Moon, is about three 
times the Moon's diameter. 

The shadow of the Moon, when at its mean distance 
from the Sun and Earth, nearly reaches the surface of 
the Earth; and never exceeds 170 miles in diameter, 
where it intersects the Earth. 

The greatest number of eclipses that can happen in a 
year, is seven; five of the Sun, and- two of the Moon. 

The least number is two^ which must both be of the Sun. 

Lunar eclipses are more frequent, at a-ny particular 
place, than those of the Sun: 



Why does not an eclipse happen at every neW and ihll moon 7 What is the 
ecliptic limit 7 How many degrees does the solar ecliptic limit extend 7 How 
manydoes the lunar ecliptic limit? What is the penumbra? What is the 
length of the earth's shadow? What is its breadth, where it eclipses the 
moon 7 What is the length of the moon's shadow 7 What is its diameter, 
where it intersects the eafth ? What is the greatest number of eclipses, that 
can happen id a year ? What ia the leaat number 7 
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Because they are visible to an entire hemisphere ; while 
those of the Sun, are visible only to that part covered by 
the Moon's shadow. 

Eclipses sometimes take place, of Jupiter's Satellites. 

Occultation is the concealment of a planet or star, by 
the interposition of the Moon. 

In the annexed diagram, M represents the porition of the Moon at the time 
of a total eclipse of the Son ; and m ite position at the time of a total eclipse of 
the Moon ; p and /?, represent the Penumbra of the Moon ; and P and P, that of 
the earth. 

Kg. 27. 



Figure 28 represents an annular eclipse of the San ; in which, it will be per- 
ceived, the shadow of the Moon does not reach the sorfaoe of the Barth. 

Kg. 28. 




Why are lanar eclipses more freqaent at any particnlar place f What other 
edipses sometimes take place 7 What is occultation ? 



Digitized 



by Google 



66 



AiSl'RONOMY. 



CHAPTER XVHX 



TIDES. 



Tides are the alternate rising and falling of the water, 
in OceioiS) Bivers, etc. 

They are divided into Flood and Ebb, and Spring and 
Neap Tides. 

Flood Tide is the rising of the water. 

When it is at its highest point, it is called High Water. 

Ebb Tide is the falling of the water. 

Flood and Ebb l^de happen twice every 25 hours. 

Spring Tide is the greatest flood and ebb tide. 

Neap Tide is the least flood and ebb tide. 

Tides are occasioned by the attraction of the Sun and 
Moon, acting unequally upon opposite sides of the Earth. 

The disturbing influence of the Moon, is. three times 
as great as that of the Sun ; because it is so much nearer 
the Earth. 

The attraction of the Stln and Moon always produces 
similar tides, on opposite sides of the Earth, at the same 
time. 

Spring^Tide is caused by the Sun and Moon's feeing 
on the same or opposite sides of the Earth, and thus 
acting together. 



What are tides? ftow ate they divided? What is flood tidet At its 
highest point, what is it called ? What is ebh tide ? How often do flood and 
ebb tides happen T What is spring tide ? What is neap tide T By what are 
tides caused ? How much greater is the disturbing influence of the moon ? 
Why 1 Where are sinular tides produced 7 By what is spring tide caused f 
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It occurs at New and Full Mood, or a shoii tiine 
afterwards. 

Nei^ Tide is cansed, when the Sun and M009 ^^^ ^ 
qnadratore, by their attracting foices ooonteraoting each 
other. 

It occurs twice in each lunar month, when the Moon 
is in her first and last quarters. 

Primitive Tides, are those which are directlj occa- 
sioned bj the Sun and Moon ; such as those which take 
place in the ocean. 

Derivatiye Tides, are those which take place in nar- 
row bays, inlets, etc., owing to the primitive tides. 

The highest tides, occur in narrow bays, and arms of 
the sea, running up into the land. 

Lakes have no perceptible tides. > 

The highest tides in the world, take place in the Bay 
of Fundy, where they rise about 70 feet. 

The average height, for the whole globe, is 2i feet 

The tide rises about 50 minutes later, each successive 
day. 

This is caused by the Moon's advance in its orbit, so 
that the same place on the Earth's surface, does not 
come again under the Moon, until 50 minutes later. 

The tide does not rise, until several hours after the 
Moon has passed the meridian. 



When does it occar 7 When ia neap tide prodaoed, and by wliat 7 How 
often does it occor f What 9te primitiTe tides ? What are derivative tides 1 
Where do the highest tides occar 7 Have lakes any tides 7 Whefe do the 
hig^iest tides in the world occor 7 How high do they rise at that place 7 What 
is the average height ibr the whole globe 7 Does the tide rise at the same 
hoar every day 7 Why does it rise later 7 Does the tide rise, when the moon 
Is ob the meridian 7 
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This is caused by the rotation of the Earth on its axis, 
and by the inertia of the water. 

By inertia is meant, the resistance which all matter makes to be set in mo- 
tion, when at rest, or to be stopped, when in motion. In consequence of this 
property of matter, the waters do not immediately yield to the action of the 
son and moon. The tide is also retarded by the friction of the waters on the 
bottom of the ocean. 

In the open sea, where the tide is least obstructed, it 
is about two or three hours behind the Moon. In New 
York, about 8i hours. 

In the northern hemisphere, the highest tides occur, 
during the day in summer, and during the night in 
winter. 

Fig. 29. 

C 




Figure 29, represents Spring Tide during summer, in the northern hemi- 
sphere. The greatest elevation of the water, takes place at A and B, and the 
greatest ebb tide, at C and D, 90 degrees distant from those points. The Sun, 
attracting the water at A, more than any other part of the earth, and that at B, 
less than any other part, diminishes the gravity of the earth, at those two 
t>oints ; in consequence of this, the centrifugal force, gives the water there a 
tendency to fly off from the earth ; and it rises at both places at the same time. 
The Moon being in a line with the San, whether in opposition or conjunction, 
raises a tide at the same points ; so that both their forces are united, and a high 
tide is the result A comparison of the heigh^f the water, at a and b, will 
explain, why the tide is highest, in the northern hemisphere, during the day, 
and lowest during the night. 



What is this caused by t How much behind the moon is the tide in the 
open sea? How much in New York? When do the highest tides occur in 
the northern hemisphere 7 
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Figure 30, represents Neap Tide. The e£Ebct of the Moon at G and D, and the 
San at A and B, is to equalize the water all over the globe, and cause the least 
flood and the least ebb tides, ^n conjunction and opposition, as in Figure 29, 
the tide raised by the San and Moon, is equal to the sum of their separate tides, 
in quadrature, — as in Figure 30, the tide raised is equal to the difference of 
their separate tides. 

The pupil must remember, in inspecting these diagrams, that the effects of 
the Sun and Moon, are not, by any means, so great as represented. The pn>< 
tuberances are exaggerated, for the purpose of illustrati(m ; but, in &ct, they 
are only between two and three feet in 8000 miles ; so small as to make no 
perceptible change in the figure of the earth. 



CHAPTER XIX. 
PARALI4AX. 



. Parallax is the change of place which a body ap- 
pears to undergo, when viewed from different points. 

The Apparent Place of a heavenly body, is that in 
which it seems to be, when viewed from the Earth's 
surface. 



What is parallax f What 10 the apparent place of a heavenly body f 
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The True Place, is that in which it would seem to be, 
if viewed from the centre of the Earth. 

The Diurnal Parallax of a body, is the difference be- 
tween its true and apparent place. 

Horizontal Parallax, is the diurnal parallax of a body 
when in the horizon. 

The Horizontal Parallax of the Sun, is about eight 
seconds. 

Diurnal Parallax is greatest at the horizon, and dimin- 
ishes towards the zenith, where it is nothing. 

The effect of Parallax, is to diminish the altitude of a 
body. 



ng.sL 



In Figure 31» let Z H represent a 
portion of the sphere of the heavens ; 
M, M*, eta, the moon at different alti- 
tades ; and E the earth. To a specta- 
tor at A, when the moon is at M*, or in 
the horizon, it appears at h, hot if 
viewed from E, it would appear at H ; 
h is therefore its apparent, and H its 
true place ; and the difference H A is 
the diurnal parallax. As the hody is in 
the horizon, it is also the horizontal par- 
allax. Vp and O o, represent each the 
diurnal parallax, for its respective alti- 
tude. At M, the body being in the 
zenith, is in a line with the spectator, 
and centre of the earth; consequently 
there is no parallax, at that point tk the horizon, the parallax, is evidently the 
greatest. H A, is ealled the parallaetie arct and the angle H M> ^ the angle of 
paraUax. The same terms are applied to P^ and O o^ and their corresponding 
angles. That parallax diminlshen the idtitude of a body» will be evident, from 
an inspection of the diagram. 




What is the true place T What is diurnal parallax T What is horizontal 
parallax T How great is the horizontal parallax of the sun 7 Where is the 
dhimal parallax greatestf Where Is it nothing? What is the efiect of 
parallax? ' 
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Annual Parallax is the apparent cliange of p]aoe of a 
Star, when viewed jfrom opposite points of the Earth's 
orbit. 

Only a very few of the Stars, have any annual paral*' 
lax, on aoconnt of their immense distonce from the 
Earth. 

The parallax of the nearest, is less than one second. 



CHAPTER XX. 



REFRACTION AND TWILIGHT. 

Reb^aotion, in astronomy, is the change of direction 
which the K\ys of light undergo, in passing through the 
Earth's atmosphere. 

The Earth's atmosphere is not of a umform density^ 
but becomes less and less dense as we proceed from the 
surface. 

The rays of light are refracted, only when ihej strike 
the atmosphere dbUqueh^. 

Refraction is therefore greatest, when the body is in 
the horizon, and nothing, when it is in the zsenit^ 

The effect of Refraction, is to increase the altitude of a 
body, or elevate^ it above the horizon. 

What ifl annual paraBax ? How many stars faaTo anyf "Bon great is tiie 
paraBax of tlM nearest f 

Whatisrefiraetion? latbe-eartb'aatmo^beraof naiiNaa dcasitgrt Wkes 
are the rays of liglit re&aoted? I^Hmo is refimetkn gnatest? When is it 
nothing? What is the effisot of refraction T 
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' At the horizon it amounts to about 83 minutes. 

In consequence of Eefraction, therefore, the Sun ap- 
pears above the horizon, when it is actually below it ; 
and the day is lengthened &om six to ten minutes. 
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In the annexed diagram, let 
E represent the earth, and 
A B C D, portions or strata 
of its atmosphere, of different 
densities, P the place of obser- 
vation, and H' P H, its horizon. 
Suppose a ray of Ught from 
the star S, strikes the atmos- 
phere at a ; on acconnt of its 
density, instead of proceeding 
in a straight line, in the direc- 
tion SA, it describes ab, be 
and c P, and reaches the spec- 
tator at P. Now becanse we 
always see an object, in the 
direction, in which tBe ray of- 
light strikes the eye, the star will be seen at S' instead of S. .The diflference is 
the refraction. As the atmosphere does not consist of distinct strata, as repre- 
sented, bat diminishes uniformly in density from the surface of the earth, the 
broken line a6 cP is in reality a carve, and the line S' P a tangent to it, at the 
point P. 

Twilight is that faint light, seen before the rising, and 
after the setting of the Sun. 

It is caused by the atmosphere's reflecting the light 
of the Sun. 

Twilight commences and ends, when the Sun is 18 
degrees below the horizon. 

Twilight is shortest at the Equator, and longest at the 
Poles. 



How great is it at the horizon 7 What la the e§Sdct of refraction on the san 
when risfaig and setting 7 What on the length of the day 7 What is twilight ? 
By what is it caused 7 When does twilight commence and end 7 Where is 
it sborteft, and where longest? 
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Let ABC represent three places on the Earth, and A H", B H^ C H, their 
horizons respectively. Let S represent the San, a little below the horizon, 
whose rays pass through the atmosphere, in the direction S W. It will be seen 
that the son is below Uae horizen of each ^ace ; bat at C, there is twilight, be- 
canse the portion of the atmosphere, H^'O EI, is illaminated, and by it the light 
reflected on the place below ; at B, a smaller portion, K" g H, receives the 
rays of the s«n{ while at A, the light entirely disappears. 



CHAPTER XXL 



TIME. 



Time is duration, as measured by the motions of the 
heavenly bodies. 

The Apparent motions of the Sun and Moon, afford 
standards for measuring time. 

A Day is either Solar, Sidereal, or Civil, 

A Solar day, is the period which elapses between the 
Sun's leaving the meridian of any place, until it arrives 
at it again. 

The Solar days, are of unequal length. 



What is time 7 What afford standards for measuring it 7 How many kinds 
of days are there 7 What is a solar day 7 Are the solar days equal 7 
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A Sidereal day, is the time which elapses between a 
starts leaving the meridian of any place, until it returns 
to it again. 

The Solar day, is about four minutes longer than the 
sidereal day. 

This difference is caused by the Earth's motion east- 
ward in its orbit 

Apparent time, is that reckoned by the apparent 
revolutions of the Sun. 

Mean time, is that reckoned by the average length of 
the solar days throughout the year. 

Clocks are constructed, to show Mean time. 

The Equation of Time, is the difference between Mean 
and Apparent time ; or the difference between time, as 
shown by the Sun, and that shown by a well-regulated 
clock. 

The Equation of Time, is greatest about the 8d of 
November, when it is about IfrJ- minutes, and is to be 
subtracted. « 

That 10 to say, when it is noon by the son, it wants lei minutes of It, by a 
well-regalated dock. 

It is nothing^ four times during the year; namely, 
April 15th, June 15th, September 1st, and Decem- 
ber 22d. 

The Equation of Time, is caused by the obliquity of 
the Ecliptic, and the variable motion of the Earth, in its 
orbit. 



What is a sidereal day ? How nnob longer is the solar than the sidereal 
day 7 Wh&l is the canse of the difference 7 What is apparent time f What 
is mean time? Which do clocks show 7 What is the equation of time 7 
When is the eqaation of time greatest? How great is it at that time f MThen 
is it nothing? By what is it caused 7 
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Ib liguv 34, let B iiepreaent the 
Bartb. AB C P aB the Snn'i appa- 
rent cnrbat; A being the aphelion, and P 
the perflielion. Were the Son at rest 
at A. the place H. on the mrface of the 
Earth, woold, as it rotates on its axis, 
retnra to the Son in exactly the time 
of one rotation. And the solar day would 
be no longer than the sidereal day ; bat, 
daring one rotation, suppose the San to 
move, apparently, from A to B ; then 
the Earth will have to move more than 
one rotation, by the are H ^ in order to 
overtake the San. This causes the 
solar day to exceed the sidereal day, by 
an average difference of four miaates. 
But, as the San is not aniform in his 
motions, this is not always the differ- 
ence. To show this, draw a circle, am no, etc., and let each of the equal arcs, 
aw, w», no, represent a space which the Sun would move over, during one 
rotation of the Earth, if he moved uniformly in a circle, and kept time widi the 
clock. As at A, the Sun's motion is the most rapid, the divisions, as marked by 
the Sun, will be greater than those marked by the clock ; and the place H, will 
arrive at m, before it reaches the Sun at B, by the are m 6 ; this is the equation 
of time : and, therefore, tohile ike Sun moves faster than ike clock, it toiU be noon 
by ike clock h^ore Uissoby tke Sun ; that is, the time shown by the Sun, will 
be slower than that shown by the clock, and the equation of time must be add- 
ed. This, it wiU be seen, is the case from A to P. From P to A, the reverse 
is the case ; the Sun moves slower than the dock, and the equation is to be sab- 
tracted. This fact may be expressed briefly, by saying, that the equation of 
time must be added, as the Sun moves from aphelion to perihelion, and sab- 
tracted, as it moves from 
perihelion to aphelion j 
while at both those 
points, it vanishes. 

These, it must be le- 
membere4» are the ef- 
fects of only one of the 
causes which produce 
the equation of time, viz. 
the unequal motion of 
the earth inilts orbit 
The other cause may be 
fihistrated as follows t 
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Let the fignre API repretent the Northern Hemiephere ; A E I the E qainoo- 
tial ; and Ael the Ecliptic Let the ecliptic be divided into equal portions, at 
the point! bed^ etc., and the eqoinoctial Btikl, etc Draw meridians throogh 
bedt etc., catting the equinoctial in B C D, etc Abthe,edt etc, will then rep* 
resent arcs of longitade, and A B, B C, C D, etc, arcs of right ascension, passed 
over by the San in eqaal periods of time, say from day to day. 

An inspection of the diagram, will show that these arcs do not correspond ; 
bat that, while the arcs of the ecliptic are equal to each other, those of the equi- 
noctial are onequal, being shortest at the equinoctial points, A and I, and longest 
at the solstitial colure E. where the two circles are nearly parallel, and the 
divisions coincide. But differences of apparent time, are reckoned on the equi- 
iMKtial, and are therefore unequal, being represented by the unequal arcs A B, 
B C, C D, etc, whereas the equal divisions A i, i k, k /, etc., represent divisions 
of mean time, as shown by the clock, and thus the diflS^rence between these is 
the equation of time Thus, when the Sun passes from A to 6, the earth has 
only to move over A B, to overteike him, -whereas, if he kept time with the 
dock, it would have to move over A», a greater distance by B t. The Sun, 
therefore, comes to the meridian before it is noon by the clock, and is therefore 
fiister — so that the equation must be subtracted. This is the case from A to ^ 
but from e to I, the Sun is slower than the clock, and the equation is to be add- 
ed. In the third quarter of the ecliptid, it is again to be subtracted, and in the 
fourth, added. This is expressed, by saying, that the Sun is faster than the clock, 
from Aries to Cancer, slower from Cancer to Libra, foster from Libra to Capricorn, 
and slower from Capricorn to Aries ; while they agree at all those four points. 

The equation of time, being the result of both these causes acting together, 
is greatest only when their effects are similar, and nothing only when they 
balance each other. This takes place at the times stated in the text. The 
following shows the appropriate sign of the equation, from both these causes, 
for each month, — ^the sign of the first cause being placed before the other : — 
January ++ February + + March + + April H — MayH — JuneH — July — + 
August — H September — H October November December 

These signs are true for the whole, or greater j^art of each month ; while, for 
a few days of some, they must be altered. They may be easily verified by the 
annexed diagram (Figure 36), in connection with Fignre 35. 

As the Earth (Figure 36) is moving in one part of the ecliptic, the sun ap- 
pears to move in the other ; so that when the Earth is in the sign Aries, the Sun 
appears in the opposite sign Libra. The apparent velocity of the Sun, corres- 
ponds with the real velocity of the Earth, at the same time, except that, as to 
place, it is reversed. Thus, when the Earth is moving, with its greatest velo- 
city, through the perihelion, the Sun appears to move, with the same velocity, 
through the aphelion. The annexed diagram, representmg the ap||rent places of 
the Sun alone, has been drawn in accordance with its motions. Let the line AP 
represent the apsis line of the Earth's orbit; A being the aphelion, and P the 
perihelion, the longitude of the latter bdng about 99i degrees. Let also S rep- 
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reient the real place of the San, and O the centre of the Orbit A B D, etc., 
will then represent the apparent places of the San, for the corresponding 
months, and Abed, etc., its mean places, for the same months. The spaces 
A B, B C, C D, etc., indicate xmeqaal portions of apparent time, and Ab,be,cd, 
etc., eqnal portions of mean time, as kept by the clock. It will be seen that 
these do not agree; bat that, from A to B, the san moves fuUse than the clock 
by B bj and that, as it moves towards P, this difference increases, until at P, 
they coincide, and the equation vanishes. In the other half of the ecliptic, the 
same appearances are presented, except that the San keeps behind the clock, 
andl at arrives at A, when the equation again vanishes. From this, it vidll be 
easily onderaAod, why this caase, acting alone, woald make the San arrive at 
the meridian after noon, as shown by the dock, from January to Joly, and ^ 
fore noon, from Jaly to Janaary. 
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OHAPTEE XXII. 

FBECESSIOK, ate. 

Thx Pi^ecession of the Equinoxes, is a gradual falling 
back of the equinoctial points, firom east to west. 

Tlie amount of Precession, is fifty seconds eveiy year. 

TLe Equinoxes make a complete revolution on the 
Ecliptic, in about 26,000 years. 

The motion of the Equinoxes, causes the Pole of the 
Equinoctial to revolve around the pole c( the Ecliptic 

In about 18,000 years, the Earth's axis, instead of 
pointing to the North Star, as at present, will point 47 
degrees from it 

The Precession of the Equinoxes, is caused by the 
attmction of the Sun and Moon, acting upon tke excess 
of matt^ at the Equator. 

ng.67. 



o^ 



tlxiitf (Fig«(« 37), tbe MtrttDtiott of the fidn, toM (MkfiiAy <m tin cseeit of 
tttttar, it E tnd E', nnd tendii to dmw it, towcrdi the plane of ifae ecliptio. 
Were the Eurth at feit, the ei^ of tMs woold he» to ahift the pOfhloii of the 




What is the preoeiision of the equinoxes t What Is i(s aroonnt t In what 
time do the eqainoxes complete a revolution 7 What does this motion caose 1 
In 13,000 years, where will the axis point 1 By what is precession caused f 
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Earth, drawing the equator E B' to the ecliptic, and finally, causing the two 
circles to coincide. Bat, in consequence of the rotation of the Earth on its axis, 
the effect is merely to cause the equinoetisl, apparently, to slide around, on the 
ecliptic, the two circles remaining at the same inclination; and the pole P, to 
revolve around the pole P', as the peg of a top mores round, when its motion is 
hecoming spent 

The Tropical Year, is the tirae which elapses from the 
San's leaving one of the equinoxes, until it arrives at 
the same again. 

The Sidereal Year, is the time which elapses from the 
Sun's leaving a star, till it returns to the same again. 

On account of the Precession of the Equinoxes, the 
Tropical year is about twenty minutes shorter than the 
Sidereal year. 

This will be evident, from an inspection of Figure 36. For, suppose die Sun 
to be at D, while moving towards P ; and that, during a complete revolution, 
the point D moves in an opposite direction tod; the Sun will return to D sooner 
than otherwise, by the distance D d. 

The Line of Apsides of the Earth's orbit, has a slow- 
motion, from west to east; completing a revolution, in 
about 100,000 years. 

The Annual motion, is about twelve seconds. 

The Longitude of the Perihelion, increases annually 
about sixty -two seconds. 

Thus, the line P A (Figure 36), moves round, in the order of the 8ign% twelre 
seconds every year ; but, as the first point of Aries, on account of the precession 
of the equinoxes, moves in an opposite direction, and longitude is reckoned from 
this/point, twelve seconds added to the amount of precesdon, will give the tn- 
uual change of the perihelion. This point is now, in about the t^nth degree of 
Cancer. In the year 1248, it was exactly at the summer solstice ; and about 
5500 years ago, at the first point of Aries. 



What is the tropical year 7 What b the sidereal year 7 What is the differ- 
ence between tliem 7 What motion has the Une of apsides 7 How great is 
the annual motion 7 How much does the longitude of the perihelion increase 
lyt 
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CHAPTER XXTTT. 



COMETS. 



Comets are bodies which revolve around the Sun, in 
very eccentric orbits ; and are generally accompanied by 
a long train of light. 

A Comet generally consists of three parts ; the Nu- 
cleus, the Envelope or Coma, and the Tail. 

The Nucleus is the bright spot, seen in the centre of 
the comet. 

The Envelope is the hazy or nebulous substance, 
which surrounds it. 

The Tail is the train of light, accompanying it. 

The exact nimiber of comets belonging to the Solar 
System, is not known ; but more than 500 have been 
observed, since the Christian era. 

The Elements^ of only ISO of these, have been cal- 
culated. 

Comets revolve, both in an eastward and a westward 
direction ; and their orbits are situated, at every inclina- 
tion to the ecliptic. 

Comets are supposed to be collections of gaseous 
matter ; as their density is much less than that of the 
planets. 



What are comets ? Of how many parts does a comet consist ? What is the 
nncIensT What is the envelope? "Wliat is the taO? How many comets are 
there belonging to the solar system T Of how many have the elements been 
calcolated ? How do comets reTohre ? What are comets supposed to be ? 



* By the tlemeuU of a planet or eomet, are meant the flgnre, dimeniioBS, and posi- 
tion of its' orUU 
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The Tail of a <5omet, is generally on the side from the 
Sun, and is of a bent or curved form. 

Some Comets are destitute of any tail; and others 
have more than one. ^ 

The Comet of 1744, had six tails, spread out in the 
formofa.fan. 

The Velocity of a comet, like that of the planets, in- 
creases as it approaches the Sun. 

The Comet of 1680, moved 880,000 miles an hour. 

The Time which a Comet takes, to revolve around the 
Sun, is not always the same, at different times. 

This is occasioned, by the disturbing influence of the 
planets. 

Comets are known to consist of only a small quantity 
of matter, by their not disturbing the planets which they 
approach, but being very much disturbed by them. 

The Tails of some comets, extend an immense dis- 
tance in the heavens. 

The Comet of 1680, had a tail extending about 120 
millions of miles. 



On which side is the tail ? Have all comets tails 7 What is said of the 
comet of 1744 ? When does the velocity of a comet increase ? How great 
was the velocity of that of 1680 1 Does a comet revolve around the sun always 
in the same time ? Why not 7 How are comets known to consist of a small 
quantity of matter? How iar do their tails extend 7 How far did that of 
16807 
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CHAPTEE XXIV. 



THE FIXED STA&a 



The Fixed Stars are those bodies which always appear, 
in the same relative situations. 

Fixed Stars are supposed to be luminous bodies ; be- 
cause, if they borrowed their light from any other lumi- 
nous body, that body would also be visible. 

They are believed to be Suns, belonging to systems 
of planets, like the Solar System. 

They are of different magnitudes ; and some have been 
calculated to be much larger than the Sun. 

The Stars have no disc, presenting only the appear- 
ance of luminous points. 

The distance of the nearest fixed star, {Alpha Omtauri,) 
has been calculated to be, about twenty trillions of miles 
from the Sun, or about 200,000 times as far as the 
Earth. 

T^G distance of the next nearest, (61 Q/gnQ is sup- 
posed to be three times as far as Alpha CenUmrL 

From the latter, light, travelling at the rate of 
192,000 miles in a second, would require more than 
nine years to reach the Earth. 

From the Pole Star, light requirei more than twenty 
years to reach the Earth. 



What are the fixed stars 7 Why are they supposed to be lomiDoas 7 What 
are they belieyed to be t Are they of the same size 7 Have they any disc 7 
What is the distance of the nearest 7 Whatis thatof thenext7 In what time 
weald light pass from the latter to OS 7 In what time from (he pole star 7 



Digitized 



by Google 



ASTBONOMT. 



88 



The distances of only seven of the Fixed Stars, have 
been ascertained, with any degree of precision. 

It is impossible to estimate the number of the Fixed 
Stars ; they doubtless amount to millions of millions. 

Variable Stars, are those which do not always shine 
with the same brightness. 

This is accoanted for by sapposing that they revolve on axes, and present to 
as sides differing in brightness; or that their light is ohscared by the interposi- 
tion of planets, revolving around them. 

Temporary Stars, are those which have suddenly ap- 
peared in the heavens, and, after a certain time, as sud- 
denly disappeared. 

Ten new stars appeared, and thirteen disappeared 
during the last century. 

No satisfiictory theory has been advanced to aocoon t for these wonderfbl phe- 
nomena. The Had, that some stars have suddenly shone ont, with sach an 
extraordinary degree of brilliancy, as to be seen at mid-day, and, after a short 
time, have &ded away and disappeared, woald seem to indicate some extensive 
eonflagration oh their snr&ce, or their entire destroction by fire. This is, ao- 
cordingly, the opinion of many ; while others' suppose that these bodies may be 
revolving in ellipses, and, at one time, approach so near as to be visible in the 
day time; while at others, they recede to the farthest points of their orbtts, and 
thus entirely vanish from our view. 

Nebulous Stars, are those which are surrounded by a 
hazy appearance, like the nucleus of a comet 

Multiple Stars, are those which, on being viewed with 
a telescope, appear to consist of two or more Stars. 

Double Stars, are those which are separated by the 
telescope into two Stars. 

Several stars appear double, although ftt immense distaaees fiom each other. 



Of how many stars, have the distances been asceirtained T What is the 
ber of the stars t What are variable stars? What are ten^NMraiy stars t How 
many appeared and disappeared during the last century 7 What are neboleufl 
stars T What are naultiple stars f What are double stars t 
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on account of their being ^itnated nearly in the line of vision ; these are said to 
be optically doable. Others are actually connected, and revolve one around 
the other ; these are said to be physically doable. 

Binary Systems, are double stars, one of whicli re- 
volves around the other ; — or both revolve around their 
common centre of gravity. 

Binary Systems sometimes exhibit Stars, of different 
colors. 

Between forty and fifty have been discovered. 

Their periods of revolution, vary from forty to sixteen 
hundred years. 

The Galaxy or Milky Way, is a feint zone of Jight 
encompassing the heavens, and discovered, by the tel- 
escope, to consist of vast numbers of Stars. 

A Cluster is a number of stars collected in a certain 
space. 

Nebulae are certain cloudy appearances, seen in the 
heavens ; most of them supposed to consist of vast num- 
bers of Stars. ^ 

They may be divided into two classes ; viz., Eesolva- 
ble, and Irresolvable. 

Eesolvable Nebulae, are those which are supposed to 
consist of vast numbers of Stars, so far distant as to 
appear like spots of cloud. 

Irresolvable Nebulae, are those which the most power- 
ful telescopes, have failed to resolve into Stars. 

The latter are supposed to be luminous matter, con- 
densing into solid bodies, like the Sun. 



What are binary systems 7 What do they sometimes exhibit 1 How many 
have been discovered 1 What are their periods of revolution ? Wliat is the 
galaxy or milky way? What is a cluster? Wbat ^e nebula ? How many 
classes are there? What are resolvable nebuls? What are irresolvable 
nebuls ? What are the latter supposed to be ? 
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NebulaB which resemble the disc of a planet, are called 
Planetary NebulaB. 

Those, which have the appearance of a Star, sur- 
rounded by luminous matter, are called Stellar Nebulae. 

The Galaxy, or Milky Way, is supposed to be a 
nebula, or cluster, of which the Sun is a member. 

Its shape is supposed to resemble an immense wJieel, 
the Sun being situated comparatively near the centre. 

All the Stars in this cluster, including the Sun, are 
believed to revolve around their common centre of 
gravity. 

The Universe is supposed to consist of an infinite 
number of Clusters similar to that, of which the Sun is a 
member, and situated at immense distances from each 
other. 



CHAPTER XXV. 



CONSTELLATIONS. 



A Constellation is a number of Stars, included in 
a certain space. 

There are ninety-three Constellations set down on 
most globes. 

The Constellations are divided into three classes, viz.. 
Northern, Southern, and Zodiacal. 



What are planetary nebulae ? What are stellar nebalsB ? WTiat ia the gal- 
axy sapposed to be ? What is its shape 1 What revolution have the stars of 
this cluster 7 Of what does the universe consist 1 

What is a constellation 7 How many are there 7 Into how many and what 
classes are they divided 7 
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The Northern Constellations, are those which lie north 
of the Zodiac. 

The Southern Constellations, are those which lie south 
of the Zodiac. 

The Zodiacal Constellations, are those which lie within 
the Zodiac 

The Northern are thirty-four in number, the Southern 
forty-seven, and the Zodiacal, twelve. 

The names of the Constellations of the Zodiac, are the 
same as those of the Signs. 

In consequence of the precession of the equinoxes, 
the Signs have fallen back of the Constellations, about 
thirty-one degrees. 

They corresponded twenty- two centuries ago. 

Stars are classified, according to their apparent size or 
brightness. 

The brightest stars, are said to be of the first magni- 
tude, and the least that are visible to the naked eye, are 
of the sixth. 

Telescopic Stars, are those which can only be seen 
with a telescope. 



WhtX tre the northern constellations T What are the soathern 7 What are 
the zodiacal T What is the number of each? What are the names of the zodi> 
acal 1 Do the signs and consteUations correspond 7 When did they correspond 7 
Hpw are stars classified 7 How are the brightest stars distingaished 7 What 
are telescopic stars 7 
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The JbUowing isaltstof the QmsteUationSj with ihe prin- 
cipal Stars in, eauck. The figxisre after the Star denotes its 
magnitude. 

THE ZODIACAL CONSTELLATIONS. 



Asixs, TheJSam^ • . 
T^TTBUB, The BuU^ . 

Gmam, The Tmine^ 
Cauobe, The Crdby . 
Leo, The Lum^ . • 



NUMBBB 
OF 8TAB8. 

66 • • 

t 

. 141 . . 



85 
83 
95 

110 



ViBoo, The Virgi% 

LxBBA, Hie Balance^ ... 51 
SooBFiOf The Scorpiany . . 44 
SAerrTAsnrS) The Archer^ . 69 
Cafbioobnus, The Qoat^ . . 51 
Aquabius, The Water-bearer^ 108 
FmaByTheMsheSj .... 118 



NAMBS C9 THB VBlHCtfAI. 

STABS. 

Arietis 2. 
( Aldebaran 1, The Heiadet, 
I The Hyades. 

Castor 1, and PoUaz 2. 

Begulos 1. 

iSpica Yirgmifl 1, Yinde- 
miatrix2. 

Antaresl. 



SoheatS. 



THE NORTBDERN CONSTELLATIONS. 

NUHBBB ITAMBS OF TRB FBOfOI- 

OF STABS. FAL STABS. 

Andbomeda, 66 . . Miraoh 2, Ahnaaoh 2. 

AqiniLA,TheJSagU,md ) ^ ^ ^ n..Atwrl. 

Antinoub, ) 

Abtebion et Chaba or I 25 

CAinEsYxKATioi, The Oreyhounds^ ) 

AuBiaA, The Charioteer^ .... 66 . . CapeUa f . 

Bootes, 54 . . Arotnnis 1, Ifiraoh 8. 

Camelopabdalxts, The Camelopard^ 58 

Oassiopsia, 55 • . Schedar 8, 
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VAMMB OF THB VBIVCI- 

OF STABS. PAL flTASS. 

Okphsus, 35 . . Alderamin 8. 

Coma Beseniobb, Berenices H(wr^ ^ i8 

Cob Oabou, CTuxtWs Hearty ... 8 

CoBOKA BoEBixia, The Korthem 

CrowTU, 21 . . Alphacca 2. 

Otonus, The Swan^ 81 . . Deneb 1. 

Dblphikvs, TheDolphiny . • • . 18 

Deaoo, TJie Dragon^ 80 . . Baataben 2. 

Equitltjb, The Little Hone^ ... 10 

Hbboules et Gebbbbus, .... 113 . . Baa Algethi 8. 

Laobbta, The Liaa/rd^ 16 

Leo Mikob, The Little Lion^ ... 53 

Lynx, TheLynx^ 44 

Ltba, The Harp, 22 . . Vega 1. 

MoKB MiBNALUs, The Mountain Mca- 

nahtSj . 11 

MusoA, The Fly, ....... 6 

Pegasus, The Flying Eorse, . . . 89 . . Markab 2, Scbeat 2. 

Pebseus, et Oaput MEDUSiB, . . . 59 . . Algenib 2, Algol 2. 

Saoitta, The Arrow, 18 

SouTUM Sobibski, Sdbieshi's Shield, . 8 

Sebpens, The Serpent, 64 

Sebpentabixts, The Serpent-bea/rer, . 74 . . Bas Albagos 2. 

Tatjbus Poniatowski, FoniaUnoshVa 

Full, 7 , 

Teiangultjm, The Triojigle, ... 11 , 

Tbiangulitm Mnnjs, The Little Tri- 
angle, 5 

Ubsa Majob, The Great Fear, . . 87 . . Dubhe 1, Aliotb 2, 

Benetnaob 2. 

Ubsa Mmoi^ The Little Fea/r, . . 24 . . Pole Star 2. 

VxTLPEOULA et Anseb, Tht Fox and 

the Goose, 87 
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THE SOUTHERN OONSTELLATIONS. 



NAMXS OF THl PBIKCI- 
PAL 8TAB8. 



Oanopns 1. 

Sirins 1. 
Procyon 1. 

Mencar 2. 



NVMBBR 

OF STABS. 

Apxjb or AviB Inbioa, The Bird, of 

Pa/radise^ 11 

Aba, TTteAlta/r^ 9 

Aego NAyis, The Ship Argo^ ... 64 . 
Bbandenbubgium Soepteum, The 

Sceptre of Brcmdenbwrgh^ ... 3 

Oanis Majob, The Great Dog^ . . 81 . 

Oanis Minoe, The Little Dog^ . . 14 . 

Oentaubus, The Centaur^ .... 85 

Oettts, The WTuile, 97 . 

OHAiLfiLioN, TJie CTuimelion, ... 10 

CiEoiNus, T?ie Compasses, .... 4 

OoLUMBA NoAom, Noah's Dove, . . 10 
OoBONA AusTEALis, The' Southem 

Grown, 12 

OoEvns, The Grow, 9 . 

Cbatbe, The Gup, 81 . 

Oeux, The Gross, 6 

DoBODA, or XiPHiAjB, The Swovd-fish, 7 
Equulkus PiOTOEEUS, The Painter's 

Easel, 8 

Ebidanus, The Rvoer Po, , . . . 84 . 

FoBNAx Chemioa, The Furnace, . . 14 

Gbus, TJie Grane, ...... 13 

HoBOLOGiTJM, The GlocJc, .... 12 

Htdba, The Water-Serpent, . . . 60 . . Oor Hydra 1 

Hydbus, The Water-SnaJce, ... 10 

Indus, T?^ Indian, 12 

Lepus, The Ha/re, 19 

Lupus, The Wolf, 24 

Maohina Pnbukatioa, The Air- 

Pwmp, 8 



Algorab 8. 
Alkes 8. 



Aohemar 1. 
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NVMBEK ITAMES OF TEX VKUrOI- 

OF STARS. PAL STABS. 

MiOBOsoopimc, The Micr^KopSy . . 10 

MoNOOEBOB, The Uhicomy .... 81 

MoKS Mkrb^ The Tdble-Mawttain, 80 

MusoaAubtbaus, TheSauthem-Flyy 4 

NoBMA EuoLiDis, EuclidPs Squa/re^ . 12 

OoTANs Hadleianus, Hodtey^s Oc- 
tant^ . . 43 

Offioina SoTTLPTOEiA, The Sculptor'e 

Shop, 12 

Omon, ^ . . . 78 . . Betelguez 1, Eigel 1, 

Bellatrix 2. 

Pavo, The Peacock, 14 

Phcenix, 18 

Pisois NoTius, The Southern Fuh, . 24 . . FomaJhaut 1. 

Pisois VoLANS, The Flying Fish, . 8 

Pbaxiteles, or Oela Soulptoeia, 

The Bngra/cer's Tools, .... 16 

Pyxis Nautioa, Th>e Mariner's Comr 

pass, 4 

BehoulubRhoiaoidalis, TheEhon^ 

doidalMt, 10 

BoBUB Oaeoli, Cha/rleis Oak, . . 12 

Sextaks, The Sextant, ..... 41 

Telescopium, The Telescope^ ... 9 

ToxjOAN, The America/n Goose, . . 9 

Tbiangvlttm Austbale, The Souths 

em Tria/ngle, , 5 



TABLE OF PBINOIPAL STARS. 



AoHEBNAB, in Eridanus, or the River Po. 
Aoubenb, in the claw of Cancer. 
Aldebaban, in the eye of Taurus. 
Algol, in the head of Medusa. 
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Alioth, in the tail of Ursa Major. 

Almaaoh, in the foot of Andromeda. 

Alphaooa, in the Northern Grown. 

Albuooabab, the Pole Star, in Ursa Wnor, 

Antabes, in the heart of Scorpio. 

Artbtis, in Aries. 

Atais, in Aqnila, the Ea^a. 

ABOTiTBins, in Bootes. 

Bbllatbix, in the west shoulder of Orion. 

Bbtelgubz, in the ea>st shoulder of Orion. 

Oauopus, the bright star in Argo. 

Oapblla, the bright star in Oaprioom. 

Oastob and Pollux, in the head of Gemini 

OoB Oaeoli, the double star in the Greyhomidi. 

Dsneb, in the tail of Oygnns. 

FoMALHATJT, in the Southern Fish. 

Htades, a cluster of stars in Taurus. 

ILkBKAB, in the wing of Pegasus. 

Mbnkab, in the jaw of the Whale. 

MiBAOH, in the thigh of Bootes. 

MiBAOH, in the girdle of Andromeda. 

Plelaj>es, a cluster in Taurus. 

Pbooton, in Oanis Minor. 

Bastaben, in the h^ead of Draco. 

Bas Algbthi, in the head of Hereales. 

Bas AxHAaus, in Serpentarius. 

Bbgxtlus, in the hea/rtot Leo. 

Bigel, in the foot of Orion. 

SoHEAT, in Aquarius. 

SoHBDAB, in the breast of Oassiopma. 

Sohbat, in the thigh of Pegasus. 

Smnis, in Oanis Major. 

Spioa YiBonns, in the shec^ of Yirgo. 

Yega, in Lyra. 

YiNDBiaATBix, in Yirgo. 
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PART II. 
THE ARTIFICIAL GLOBES. 



CHAPTEE L 

APPENDAGES TO THE GLOBES. 

The Brazen Meridian is a circle of brass, which, 
encompasses the artificial globe from pole to pole. 

It is intended to represent, the Meridian of any place 
on the globe. 

It is divided into degrees, on one semicircle, from the 
Equator towards the Poles ; and on the other, from the 
Poles towards the Equator. 

The Hour Circle is a small circle, described round the 
North Pole, with the hours of the day marked on it. 

The Wooden Horizon is a circular plane, encompass- 
ing the artificial globe, to represent the Eational Horizon. 

The Quadrant of Altitude, is a flexible strip of brass, 
graduated upwards from to 90 degrees, and downwards 
from to 18 degrees. 

It is used to measure distances, on the artificial globe. 



What is the brazen meridian ? What does it represent 7 How is it divided T 
What is the hoar circle 1 What is the wooden horizon T What is the quad* 
rant of altitude f For what is it ased 7 
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The Mariner's Compass, is a representation of the 
horizon, and is divided into 82 equal parts, called points 
of the Compass. 

The four cardinal or principal points of the horizon, 
are North, East, South, and West. 

The Angle of Position, between two places, is an 
angle, formed at the zenith of one of the places, by the 
meridian of. that place, and a vertical circle, passing 
through the other place. 

It is reckoned on the wooden horizon. 

Ehumbs are 32 divisions of the horizon, called the 
points of the compass. 

A Ehumb Line is a line which a ship describes, while 
she sails on the same point of the compass, and cuts all 
the meridians, at the same angle. 



CHAPTEE II. 



FBOBLEMS FOB THE TEBBESTBIAIt GLOBE. 

PBOBLEM I. 

To find the latitude and longitude of any given place. 

EuLE. — Bring the given place to the graduated side 
of the brazen meridian, which is numbered from the 
equator towards the poles ; and the degree of the merid- 



What is the mariner'B compass 1 What are the cardinal points 7 What is 
the angle of position between any two places T On what is it reckoned t 
What are rhombs ? What is a rhomb line ? 
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ian, oyer the place, will be the latitude; and the degree 
of the equator, under the meridian, will be the longitude. 

On WilBon's Globes, there are two rows of figares abov« the eqeator. When 
the place lies on the east aide of the meridian of London, the longitade is found 
on the upper line ; and when k is on the west side, on the lower line. 

XZAMPIiSS. 

Find the latitude and longitude of the following 
places: 



1. New York, 








. Answer, 4V N. 74° W. 


2. Amsterdimi, 








u 


52i^N. 6° EL 


3. Mobile, 








a 


31° N. 88° W. 


4. Louisville, 








u 


88i° N. 86° W. 


6. Columbus, 








u 


40° N. 83° W. 


6. Paris, . . 








, it 


49° N. 2i° E. 


7. Rio Janeiro, 








H 


22° S. 43° W. 


8. Quito, 








it 


78° W. 


9. Delhi, Asia, 








U 


28i° N. 78° E 


10. Valparaiso, 








u 


83° S. 71° W. 


11. Stockholm, 








u 


69i° N. 18° E. 


12. Jeddo, 








u 


36° N.140° E. 


IS. Tobol3i^ . , 








u 


68° N.68i° E. 


14. Mexico, . . 








u 


19i°N.100°W. 


16. Pekin, 








a 


40° N.116° E. 


16. London, . 








« 


61i° N. 


17. East Cape, 








u 


66i°N.l70«Vr. 


18. North PoH 






u 


90° N. 


19. Cape Horn. 22. Calcutta. 


26. St Petersbttfgh. 


20. Morooca 28. Vienna. 


26. Madrid. 


21. Naples. 


2 


\i. 


Sa 


lyma. 


27. Lima. 
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PROBLEM IL 

The latitude and longitude of a place being given, to find 
the place. 
Rule. — Find tlie degree of longitude on the equator; 
bring it to the brazen meridian, and under the given 
degree of latitude, on the meridian, will be the place 
required. 

SZAMPLSS. 

Find the places, whose latitude aisd longitude «!'• as 
follows : 



30° N. 90° W. 






Answer 


N«w Orkaoii. 


43° K 72° W. 






u 


Concord. 


23i°K 57° E. 






u 


Muscat. 


50° N. 14° E. 






u 


Prague. 


40° N. 75° W. 






u 


Philadelphia. 


89° N. 84° W. 






u 


Cincinnati. 


0° 78° W. 






u 


Quito. 


39° K 77° W. 






■u 


Washington. 


12° S. 77° W. 






u 


Lima. 


46° K. 6° E. 
P 


BO 


BLE 


M IIL 


Geneva. 



To find the difference of latitude or Imgitude hetweem amy 
two places^ 

EtJLE. — Find the latitude or longitude of both places; 
if alike, subtract them ; if nnlifce, add them ; and the 
sum, or difference, will be the answer required. 

Note.— By- tdtke is meant on the siune side c^ the equator, or fint meridian ; 
by wQXkt^ on dlflbrent aides. 
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EXAMPLES. 

Find the difference of latitude and longitude between 
the following places : 

1. Alexandria and Amsterdam, Answer^ Lat 21^, Long. 25^. 

2. Athens and Berlin, ... « Lat 14% Long. 10<>. 

3. Rome and Washington, . " Lat 3°, Long. 89°. 

4. Moscow and Botany Bay, . " Lat 90% Long. 114°. 
6. Stockholm and Rio Janeiro, " Lat 81°, Long. 61°. 
6. Vienna and Lima, ... - " Lat 60°, Long. 93°. 
1. Dublin and Valparaiso, . . " Lat 86°, Long. 65°. 

8. North and South Pole, . . •* Lat 180°. 

9. New York and Pekin, . . 

PROBLEM IV. 

To find all the places which have the same latitude 
as a given place, 

BuLE. — ^Bring the given place to the graduated side 
of the brazen meridian, and observe its latitude ; turn 
the globe round, and all the places which pass under the 
same degree of the meridian, will be those required. 

EXAMPLES. 

Find the principal places which have the same, or 
nearly the same, latitude as — 

1. LmiANAPOLis. — Answer, Columbus, Philadelphia, Toledo, 

Minorca, Erzerum, Bucharia, Samarcand, 
Pekin. 

2. BosTOK. . — Answer, Leon, Ajaccio, Rome, Derbent, 

Khiva, Matsmay, Cape Orford, Chicago, 
Detroit, Buffido, Albany. 
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LOCJL. 



4. Quito. 



5. Havana. 



6. North Capo. 

7. Jeddo. 

8. St P«tersburgb. 



• — Answer. St. Salvador, St Felipe de Ben- 
guela, Lake Maravi, Comoro Isles, Cape 
Atnbro, Galf of Caipentaria, Navigator's 
Isles. 

— Answer, Johannes Island, St Thomas Island, 
Sumatra, Borneo, Celebes, Galipagos 
Isles. 

— Answei\ Bahama Isles, Great Desert of Sa- 
hara, Assouan, Muscat, Gulf of Cutch, 
Canton, Formosa, Anson's Archipelago, 
Cape St. Lucas, Zacatecas. 

9. Constantinople. 12. London. 

10. Rio Janeiro. IS. Lisbon. 

11. Bombay. 14. Mexico. 

PROBLEM V. 



To find all those places which have (he same longitude as 
any given place. 

BuLE. — Bring the given place to the graduated side 
of the brazen meridian, and all places under the merid- 
ian, from pole to pole, will be those required. 

EXAMPLES. 

Find all places having the same, or nearly the same, 
longitude as— » 

1. Lima. . . — Answer. Lancaster Sound, Hudson's Straits, 
East Maine, Kingston, Harrisburgh, Bal- 
timore, Washington, Richmond, Cape 
Lookout, Eleuthera, Kingston in Jamai- 
ca, Popayan. 
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2. London. . —Answer. Havre, Bordeaux, Valencia, Oran, 

Gulf of Guinea. 

3. Rio Janeiro. — Answer, Greenland, Cape Farewell, Maran- 

ham, Villa Eica. 

4. Nbw Orleans. — Answer, Barrow's Strait, Regent's Inlet, 

Wager River, Western part of Lake 
Superior, St Louis, Yucatan, Guatimala, 
Galipagos Isles. 
6. Naples. . '^Answer. Spitzbergen, Lulfoden Isles, Carls- 
crona, Trieste, Lipari Isles, Syracuse, 
Mourzouk, Lake Tchad, St Salvador, 
Desert of Cimbebas. 

6. Pekin. 9. Cape Good Hope. 12. Mexico. 

7. Calcutta. 10. Dublin. 13. Constantmople. 

8. Quebec 11. Stockholm. 14. Cairo. 

PROBLEM VI. 
To find the distance between any two places on the globe. 

BuLE. — ^Lay the graduated edge of the quadrant of 
altitude* over both places, so that the division marked 
0, may be on one of them ; and the number of degrees 
between them, reduced to miles, will be the distance 
required. 

NoTi.— If geographic miles are required, maldply the degrees by 60 ; if 
Btatate miles, 69^. « 



* The use of Uie quadrant of altitude, may be dispeused with io this problem, bj 
laying a slip of paper orer both places, and marking the distance between them ; then 
placing it exsctly orer the equator, and the number of degrees included in the dis- 
tance marked ofl^ will be the answer in degrees. Then reduce as before. 
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EZAMPLS8. 

Find the direct distance, in geographic and statute 
miles, between the following places : 

1. North Cape and Cape Matapan? — Athswer. 2,100 Geo- 
graphic miles ; 2,432-} Statute miles. 

2. Cape of Good Hope and Van Diemen's Land. 

3. Cape Blanco, and Cape St Roque. 

4. St Petersburgh and Astracan. 

5. Calcutta and Pekin. 

6. Paris and Vienna. 

7. Savannah and New York. 

8. New Orleans and Baltimore. 

9. Cape Tamura and Cape Romania. 
10. San Francisco and New York. 

PROBLEM VII. 
To find the Antoedofany place. 

BuLE. — ^Bring the given place to the brazen meridian, 
and find its latitude ; and under the meridian, at the 
same degree of latitude, in the opposite hemisphere, will 
be the place required. 

EXAMPLES. 

Find the Antoeci of the following places : 

1. Cape Horn, . Answer, Central part of Labrador. 

2. New York, . . " Northern part of Patagonia. 

3. Jeddo. 6. Trinidad. 9. Lima. 

4. Havana. 7. Pekin. 10. Bombay. 

5. London. 8. Savannah. 11. Lassa. 
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PROBLEM VIII. 

To find tJie Perioed of any place. 

EuLE. — ^Bring the given place to the bra25en meridian, 
note its latitude, and set the index to twelve ; then turn 
the globe till the index points to the other twelve; iEmd 
under the same degree of latitude, will be the place 
required. 

EXAMPLES. 

Find the Perioeci of the following places : 

1. Bay of Bengal, Answer, Caribbean Sea. 

2. London, " Fox Islands. 

3. Naples. 6. Mexico. ' 9. Tobolsk. 

4. Baltimore. 7. Paris. 10. Canton. 

6. Cape Horn. 8. Montreal. 11. Cape Town. 

PROBLEM IX. 

To find the Antipodes ofanyph^. 

EULB. — ^Bring the given place to the brass meridian, 
note its latitude, and set the index to twelve ; then turn 
the globe round until the index points to the other 
twelve ; aid under the same degree of latitude, in the 
opposite hemisphere, will be the place required. 

EXAMPLES. 

Find the Antipodes of the following places : 

1. Quito, Answer, Sumatra. 

2. Sandwich Islands, . • " Desert of Cimbebas. 

3. New York. 5. Cuba. 7. Constantinople. 

4. London. 6. New Zealand. 8. Lisbon. 



Digitized 



by Google 



ASTRONOMY. 



101 



PROBLEM X. 

The hour of the day being given at any place, to find what 
time it is at any oHier place, 

EuLE 1. — ^Bring the place, at which the time is given, 
to the brazen meridian, set the index to the given hour, 
turn the globe till the other place comes to the meridian, 
and the index will show the hour required. 

Note. — If the place, at which the time ia required, be east of the given place, 
tarn the globe westward ; if west, tarn it eastward. If it be east, the time is 
later; if west, earlier thau that at the given place. 

EuLE 2. — Find the difference of longitude, between 
the two given placed ; multiply the degrees by four, and 
the product will be minutes of time ; the minutes multi- 
plied by fpur, "will give seconds of time; reduce to 
hours, and it will give the difference of time. If the 
time required be earlier, subtract it, if later, add it, to 
the given time, and the result will be the answer re- 
quired. 

EXAMPLES. 

1. When it is noon at New York, what o'clock is it atLondoD ? 
— Answer, 5 o'clock, p. m. (nearly.) 

2. When it is 10 o'clock, a.m., at St. Petersburg^, what o'clock 
is it at Mexico ? — Answer, 1 hour 20 min., a. m. 

3. When it is midnight at New York, what o'clock is it, at 
Calcutta, Madrid, Moscow, New Orleans, 
Lima, Cape Horn, Pekin, Botany Bay ? 

4. When it is 8 o'clock, a. m., at Vienna, what time is it at 
Washington, Paris, Constantinople, 
Sandwich Islands, Canton, Archangel ? 
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PROBLEM XI. 

The hour of the day being given at anyplace^ to find all the 
places at which it is any other given hour. 

Rule. — ^Bring the given place to the brazen meridian, 
and set the index to the hour of that place ; then turn 
the globe, till the index points to the other given hour ; 
and all places under the meridian will be those required. 

KoTB. — ^Tam the globe, as in the previous Problem. 
EXAMPLES. 

1. When it is 3 o'clock, a. m., in Philadelphia, at what plac-es is 
it 8 o'clock, A. M. ? — Answer, London, Havre, Bordeatuc, and 
Valencia ? 

2. When it is midnight at Washington, at what places is it 7 
o'clock, A. M. ? 

3. When it is noon at Paris, where is it midnight ? 

4. When it is 7 o'clock, p. m., at Lima, where is it noon I 

5. When it is noon at New York, where is it 4 o'clock, p. m. ? 

6. Where is it 7 o'clock, a. m. ? 

7. When it is half-past 3 o'clock in the morning at Pekin, 
where is it half-past 1 in the afternoon ? 

« PROBLEM XIL 

To find the Sun^s place in the Ecliptic^ and longitude for any 
day in the year, 

EuLE. — ^Look for the given day of the month, on the 
wooden horizon, and the degree corresponding to it, in 
the circle of signs, will be the Sun's place in the ecliptic 
for that day: find it on the ecliptic ; and the number of 
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degrees, between it, and the first point of Aries, will be 
the Sun's longitude. 

EXAMPLES. 

Find the Sun's place, and longitude, for each of the 
following days : 

1. June 21st. — Answer, Place, 1st degree of Cancer, Lon- 

gitude, 90°. 

2. February 2 2d. — Answe7\ Place, 4 J- degree of Pisces, Lon- 

gitude, 337i°. 

3. December 22d. 6. January 1st 9. September 18tL 

4. July 4th. 1, No\^mber 20th. 10. May 15th. 

5. March 21st 8. April 18th. 11. August 25th. 

PROBLEM XIIL 
To find the Sun^s declination for any day in the year. 

EuLE 1. — Find the Sun's place in the ecliptic, and 
bring it to the brazen meridian ; and the degree of the 
meridian over it, will be the declination. 

EuLE 2. — Bring the analemma to the brazen merid- 
ian ; and the degree of the meridian, over the given day 
of the mpnth, will be the Sun's declination, for that day. 

EXAMPLES. 

Find the Sun's declination, for the following days : 

1. April 15th. — Answer, 10 degrees North. 

2. December 22d. — ** 23^ degrees South. 

3. August 15th. 6. September Ist 9. October 20th. 

4. January 28th. 7. June 21st 10. September 23d. 

6. March 21st. 8. February 1st 11. November 1st 



Digitized 



by Google 



104 ASTRONOMY. 



PROBLEM XIV. 

To find what places have a vertical Sun, on any particular 
day of the year, 

EuLE. — Find the Sun's declination, and note tbe de- 
gree on the brazen meridian; turn the globe around, 
and all places that pass under that degree, will be those 
required. 

EXAMPLES. 

What places have a vertical Sun on the following 
days ? — 

1. June 21 si — Answtr, All places under the tropic of Cancer. 
'2. March 21st. — " All places under the equator. 

3. December 25th. 5. April 1st. 1. October 10th. 

4. July 4th. 6. January 20th. 8. May 1st 

PROBLEM XV. 

To rectify the Globe for the latitude of a place, and Sun^s 
place in the Ecliptic, for any given day. 

EuLE. — Elevate the north or south pole, according as 
the latitude of the place is north or south, a number of 
degrees corresponding to the latitude; find the Sun's 
place in the ecliptic, for the given day, bring it to the 
brazen meridian, and set the index to twelve. 

PROBLEM XVL 

The day of the month being given, at any particular place, 
in the torrid or temperate zones, to find, at what time, the 
Sun rises and sets, and the length of the day and night 

EuLE.— Eectify the globe for the latitude of the place, 
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&c., by Problem XY. ; bring the Sua's place to the 
eastern edge of the horizon, and the index will show 
the hour of rising ; subtract it from twelve, and the dif- 
ference will be the time of setting. 

Double the time of the Sun's setting, and it will give 
the length of the day ; double the time of its rising, and 
it will give the length of the night. 

EXAMPLES. 

Find the time of the Sun's rising and setting, and the 
length of the day and night, at each of the following 
places, on the given day. 

1. London, July iVth. — Answer. Sun rises at 4, and sets at 8, 

and the length of the day is 1 6 houi-s, 
that of the night 8. 

2. New York, September 23d. 6. Montreal, May 1st. 

3. Paris, January 1st 7. Stockholm, August 18th. 

4. Washington, December 1st. 8. Lima, April 10th. 

6. Vienna, March 25th. . 9. Naples, October 10th. 

PROBLEM XVII. 

To find the length of the longest and shortest days and nights^ 
at any place^ within the Torrid or Temperafe zones. 

Rule. — Find the length of the day and night at the 
given place, when the Sun is in the first degree of Can- 
cer, if it be in north latitude, or when it is in the first 
degree of Capricorn, if the place be in south latitude, 
and it will give the length of the longest day. Subtract 
it from twenty-four, and the difference will be the short- 
est night. The shortest night at any place,. is equal to 
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its shortest day, and dta longest night to its longest 
day. 

EXAMPLES. 

Find the length of the longest and shortest day at 
each of the following places : 

1. New York. — Answer, Longest day, 14 hours, 66 minutes; 

shortest day, 9 hours, 4 minutes. 

2. Quebec. 7. Archangel. 12. iNew Orleans. 

3. Buenos Ay res. 8. Quito. 13. C. Good Hope. 

4. Canton. 9. Cape Horn. 14. Bombay. 
.6. London. 10. Montreal. 15. MexiiBO. 
6. St. Petersburgb. 11. Botany Bay. 16. Ceylon. 

PROBLEM XVIIL 

To find those places within the Torrid or Temperate zones, 
at which the longest day is of any particular hngih. 

Rule. — ^If the places to be found, be in the northern 
hemisphere, bring the first degree of Cancer to the 
meridian, and set the index to twelve; then turn the 
globe, until the index has passed over half of the given 
time ; raise or depress the north pole, until the first de- 
gree of Cancer is brought to the edge of the horizon, 
and the elevation of the north pole will show the latitude 
of the places required. If the places to be found be in 
the southern hemisphere, bring the first degree of Cap- 
ricorn to the meridian, and raise the south pole instead 
of the north. 

KXAMPLES. 

1. At what places in the northern hemisphere, is the length of 
the longest day, 16^ hours? — Answer, All places in lat. 52° N. 
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2. At what places in the southern hemisphere, is the longest 
day, 19 hours? 

3. At what places in north latitude is it 16 hours ? 

4. At what places in north latitude is it 20 hours ? 
6. At what places in north latitude is it 23 hours ? 
6. At what places in south latitude is it 18 hours ? 

PROBLEM XIX. 

To find at what dxiy of the month, constant day begins and 
ends, and its duration, at any place, vnihin the North 
Frigid zone. 

Rule. — ^Bring the given place to the meridian, and 
find its distance from the north pole ; count the same 
number of degrees on the meridian from the equator, 
and mark the degree where the reckoning ends ; then 
turn the globe ; and the two points of the ecliptic which 
pass under that degree of the meridian, will be the Sun's 
plaxse, at the beginning and end of constant day. Find 
the corresponding days, on the wooden horizon, and 
these will be the dates required. Calculate the number 
of days between these two dates, counting from the ear- 
lier to the later, and it will be the duration of constant 
day, at the given place. 

EXAMPLES. 

Find the beginning, end, and duration of constant 
day, at each of the following places : 

1, North Cape. — Answer, Begins May 16th; ends July 20th ; 

duration 75 days. 

2, Northern extremity of Spitzbergen. 

3, Qape Cevero, the northern extremity of Asia. 
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4. Kola, in the northern part of Lapland. 

5. Lancaster Sound. 

6. Winter Harbor, in Melville Island. 

7. Disco Island. 

8. North Pole. 

9. Arctic Circle. 

PROBLEM XX. 

To find Hie Sari's meridian altitude, for any day in the year, 
at any given place, 

EuLE. — ^Eectify the globe for the latitude of the place, 
bring the Sun's place in the ecliptic to the nneridian ; and 
the number of degrees on the meridian, from the Sun's 
place to the horizon, will be the altitude required. 

EXAMPLES. 

Find the Sun's meridian altitude, at the following 
places, on the days given : 

1. New York, June 21st. — Answer. 73 degrees (nearly.) 



2. London, December 2 2d. 
8. Washington, Sept.. 23d. 

4. Boston, March 21st 

5. Montreal, January 1st. 

6. Lima, June 5th. 



7. Quito, July 1st. 

8. Paris, February 18th. 

9. Malta, April 20th. 

10. Rio Janeiro, Oct. 23d. 

11. Bombay, May 21st. 



PROBLEM XXI. 



To find the Sun^s amplitude, on any given day, at any place. 

EuLE. — Rectify the globe for the latitude of the place ; 
bring the Sun's place, in the ecliptic, to the eastern edge 
of tbe horizon ; and the number of degrees, from the 
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Sun's place to the eastern point of the horizon, will be 
the amplitude of the Sun at rising; bring the Sun's 
place to the western edge of the horizon, and the num- 
ber of degrees to the west point, will be the amplitude 
of the Sun at setting. 

EXAMPLES. 

Find the Sun's amplitude, at the following places, on 
the days given : 

1. London, 21st of June. — Answer. 39<^ 48', North. 

2. New York, 22(1 of December. 

3. Philadelphia, 21st of May. 

4. Cape of Good Hope, lOlh of July. 

5. Cape Town, 1st of April. 

6. Washington, 1 8th of February. 

7. Mexico, 23d of September. 

8. Lima, 2 2d of December. • 

9. Quito, 21st of June. 

PROBLEM XXII. 

To find the Sun's altitude and azimuth, at any place, for 
any given day and hour. 

EULE. — Rectify the globe for the latitude of the place, 
and screw ,the quadrant of altitude, over that latitude ; 
find the Sun's place in the ecliptic, bring it to the merid- 
ian, and set the index to twelve ; then, if the given time 
be before noon, turn the globe eastward ; if afternoon, 
turn it westward, till the index points to the given hour; 
bring the graduated edge of the quadrant of altitude to 
coincide with the Sun's place ; and the number of de- 
grees, on the quadrant, from the Sun's place to the 
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horizon, will be the altitude ; and the number of degrees 
on the horizon, from the north or south points of the 
meridian, to the graduated edge of the quadrant, will 
be the Sun's azimuth. 

EXAMPLES. 

Find the Sun's altitude and azimuth, at the following 
places, at the given time : 

1. New York, May 10th, 9 o'clock, a. 
45i°; Azimuth, 107i' N., or V2i° S. 

2. London, May 1st, 10 o'clock, A. 
47° ; Azimuth, 136° K, or 44^ S. 

3. Washington, June 21st, 8 o'clock, a.m, 

4. Boston, December 5 th, 3 o'clock, p. m. 
6. Charleston, May 12th, 10 o'clock, a. m. 
6. Madrid, January 20th, 4 o'clock, p. m. 
*I. Stockholm, July 1st, 6 o'clock, p. m. 



M. — Answer. Altitude, 
M. — Answer. Altitude, 



CHAPTER III. 



PROBLEICS FOB THE CELESTIAL GLOBE. 

PROBLEM I. 

To fini the declination and right ascension of the Sun or a 

Star. 
EuLE. — Bring the Sun's place, or the star, to the grad- 
uated side of the brazen meridian, which is numbered 
from the equinoctial towards the poles ; and^the degree 
of the meridian, over the Sun's place, or the star, will be 
the declination ; and the number of degrees on the equi- 
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noctid, between .the meridian and the first point of 
Aries, will be the right ascension. 

EXAMPLES. 

1. Find the Sun's declination, and right ascension, on 
the foIIowiDg days : 

June 21st. July 4th. February Ist. 

March 15th. December 22d. October 20th. 

January 1st September 23d. November 23d. 

2. Find the declination and right ascension of — 
Aldebaran. — Answer. Dec., 16° 6' N. ; Right Ascension, 66°. 
Arcturus. Bellatrix. Canopus. Regulus. 
AlgoL Sirius. Vega. Procyon. 
Capella. Pollux. Menkar. Rastaben. 

PROBLEM II. 

To find the latitude &nd longitvde of a Star, 
Rule. — Screw the quadrant of altitude over the north 
or south pole of the ecliptic, according as the star is in 
north or south latitude ; bring its graduated edge to the 
star : and the number of degrees, on the quadrant, from 
the ecliptic to the star, will be the latitude; and the 
number of degrees, on the ecliptic, from the first point of 
Aries, eastward to the quadrant, will be the longitude. 

EXAMPLES. 

1. Find the latitude and longitude of Aldebaran. — Answer, 
Latitude, 5^° S. ; longitude, 67°. 

2. Required, the latitude and longitude of — 

Markab. Algorab. Scheat. Regulus. 

RigeL Capella. Mirach. Procyon. 

Arcturus. Sirius. Menkar. Fomalhaut 
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PROBLEM III. 

The declination and right ascension of a heavenly body being 
given, to find its place on tlie globe. 

Rule. — ^Bring the given degree of right ascension to 
that side of the brazen meridian, which is numbered, 
from the equinoctial towards the poles ; then under the 
given degree of declination, on the meridian, will be the 
star or place required. 

EXAMPLES. 

1. What star has 99i° of right ascension, and 16i° of south 
declination ? — Answer, Sirius. 

2. What stars have the following right ascensions and declina- 
tions? — 

Right Ascension, 205*^ Declination, 60-}-° N. 
" " 150° " 13° K 

" " 341i° « 30i° S. 

3. When Venus has 31i^ of right ascension, and 12° of north 
declination, what is her place on the glohe ? 

4. When Jupiter's right ascension is 212°, and its declination 
20° south, what is its place on the glohe ? 

6. When the right ascension of the moon is 860°, and its de- 
clination 12° south, what is its place on the globe? 

PROBLEM IV. 

ITie latitude and longitude of a heavenly body being given, 
to find its place on the globe. 

EULB. — Elevate the north or south pole, according as 
the given declination is north or south, 66i® ; bring the 
pole of the ecliptic to the meridian, and screw the quad- 
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rant of altitude over it ; bring the graduated edge of the 
quadrant to the given degree of longitude, on the eclip- 
tic ; and, under the given degree of declination, on the 
quadrant, will be the star or place required. 

EXAMPLES. 

1. What star has 31° of north latitude, and 201*^ of longitude ? 
— Answer, Arcturus. 

2. What stars have the following latitudes and longitudes ? — 

Latitudes. Longitades. Latitudes. Longiludes. 

12i° S. 4H° 5i° N. 67° 

16° S. 86° 21° ^.. 331° 

5i° S. 66i° 29° K 299° 

PROBLEM V. 

The latitude of a place, day of the month, and hour of the 
day, being given, to place the globe so as to represent the 
appearance of the heavens, at that place and time. 

Rule. — ^Elevate the pole for the latitude of the place ; 
find the Sun's place in the ecliptic, bring it to the me- 
ridian, and set the index to twelve ; if the time be before 
noon, turn the globe eastward; if afternoon, turn it 
westward, till the index points to the given hour ; and 
the surface of the globe will then represent the appear- 
ance of the heavens for the given time and place. 

EXAMPLES. 

Represent the appearance of the heavens at New York, for — 
October 12th, at 10 o'clock, p.m. 
May 21st, at 9 o'clock, p. m. 
December 22cl, at 3 o'clock, a. m. 
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TABLE n.— THE SECOND AEY PLANETS. 

SATELLITES OF JUPITER. 



Name. 



Difltance from 
Planet. 



Inclination of Orbit 
to that of Jupiter. 



Reyolntion. 



Diameter. 



L 

ir. 
m. 

IV. 



Miles. 
265,000 
421,000 
671,000 
1,180,000 



3° 18' 
3^ 18' 
3° 14' 

2° 36' 



Days. Hours. 


Miles. 


1 18^ 


2508 


3 16 


2068 


7 4 


3377 


16 16i 


2900 



These bodies are supposed to revolye on axes in the same time as their revolution 
around the planet. 

SATELLITES OF SATURN. 



Name. 



Distance from Planet. 



Inclination of Orbit 
to that of Saturn. 



Revolution. 



1. Mimas . 

2. Enceladus 

3. Tethys . 

4. Dione . 

5. Rhea 

6. Titan . 

7. Hyperion 

8. Japetus . 



Miles. 

119,500 
163,500 
190.000 
243,500 
336,000 
788,000 
1,000,000 
2,297,000 



30° 
30° 
30° 
30° 
30° 
30° 

42 45' 



Days. Hours. 
22^ 
1 9 

1 2li 

2 18 
4 12i 

16 23 
21 4i 
79 8 



The eighth satellite Is supposed to be about as lartre as Mars, and the remainder to be 
smaller, according to their respective distances. They are supposed to have a rotation 
on axes, iu the same time as they revolve around the planet. 

SATELLITES OF URANUS. 



Name. 



Distance from Planet. 



Inclination of Orbit 
to that of Uranus 



Revolution. 



1. 
2. 
3. 
4. 
6. 



Miles. 
225,000 
291,000 
340,000 
390,000 
780,000 
1,556,000 



80° 



Days. Hours. 

6 2U 

8 17 

10 23 

13 11 

38 2 

107 17 



TheUr motion is retrograde, and their orbits are nearly circles. 
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GLOSSARY OF ASTRONOMICAL TERMS, 

WITH THEIR DEBXVATIONa 



ALTmrDB — ^Lat. Altitndo, height. The height of a heavenly body 
above the horizon. 

Amplitude — Lat. Amplitudo, largeness. The distance of a heav- 
enly body from the east or west points of the horizon. 

Annular — Lat. Annulus, a ring. A term applied to an eclipse, in 
which the son^s disc looks like a ring. 

Antipodes — Gr. Anti, against^ and podes^feet. Those inhabitants 
of the earth, who live on exactly opposite sides of the earth, 
or feet to feet. 

Antoeoi — Gr. Anti, against, and oikos, a house. Those whose dwel- 
lings are on opposite sides of the equator, but under the same 
meridian. 

Abotio — Gr. Arktos, a hear. The name of the circle in the vicinity 
of the Constellation of the Bear. 

Antabotio — Gr. Anti, against, and arktos. The circle opposite the 
Arctic circle. 

Aphelion — Gr. Apo, from, and helios, t?ie sun. The point of the 
eaith's orbit farthest from tlie sun. ' 

Apogee — Gr. Apo aud ge, tJie earth. The point of the moon's 
orbit farthest from the earth. 

Apsis — Gr. Apsis, a, joining. The aphelion or perihelion of a plan- 
et's orbit. 

Apsides — ^Plural of apsis. 

AsTKONOMY — Gr. Astron, a star, and nemo, to classify. The sci- 
ence which classifies and describes the heavenly bodies. 

Asteroids — Gr. Aster, a sta/r, and eido, to resemble. Small planets 
between Mars and Jnpiter, at fii*st taken for stars. 
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Atmosphebe — Gr. Atmos, vapor^ and spheera, a spJiere, The body 
of air, vapor, &c., which encompasses the earth. 

Azimuth — ^Arabic. The distance of a body from the north or south 
points of the horizon. 

AsTBAL — Gr. Aster, a star. Relating to the stars. 

Axis, pi. Axes — Lat. Axis, an axle. The imaginary line on which 
the earth turns. 

Almaoantaks — Arabic. Parallels of altitude. 



Binary — ^Lat. Binus, two ly two, 
doulJle stars. 



A term applied to systems of 



OtTLMiNATE — ^Lat. Culmen, tTie top. To pass the meridian, because 
then it arrives at its greatest altitude. 

Crepusoitltjm — ^Lat. Twilight. 

Cusps — ^Lat. Cuspis, a point. The points of the moon's disc, when 
horned. 

Centripetal — ^Lat. Centrum, a centre^ and peto, to seek. The force 
which urges a body towards the centre of motion. 

Centrifugal — Lat. Centrum and fagio, to flee from. The force 
by which a body recedes from the centre of motion. 

Comet — ^Lat. Coma, hair, A body surrounded by a nebulous ap- 
pearance, resembling hair. 

Conjunction — ^Lat. Con, together^ and jungo, to join. The apparent 
meeting of a planet with the sun. 

OoNSTEiXATioN — ^Lat. Cou, together^ and stella, a star, A group 
of stars. 

Cardinal — ^Lat. Cardo, a hinge. The term applied to the four 
pi*incipal points of the compass. 

CoNOENTRio— Lat. Con, together^ and centrum, a centre. Concen- 
tric circles are those drawn around the same centre. 

Disc — ^Lat. Discus, a quoit. The circular face of a heavenly body. 
Diameter — Gr. Dia, through^ and metron, « measfwre. The line 

which measures across a circle. 
Digit — ^Lat. Digitus, a finger. One of the twelve equal divisions 

of the c|iftin«ter of the disc. 



Digitized 



by Google 



118 



GLOSSARY OP 



EouFSS — Gr. Ekleipsis, a fainting a/aa/y. The concealment of one 
heavenly body by the interposition of another. 

EouPTio — ^From Eclipse, a great circle in the heavens, so called 
because eclipses only take place when the moon is in its plane. 

EooENTBiorrY — Gr. Ec,/raw, and centron, a, centre. Distance firom 
the centre. 

Elongation — Lat. Longns, long: The angnlar distance of a planet 
from the snn. 

Eqtjatob — ^Lat. JEqno, to divide equally. The great circle which 
divides the earth into northern and southern hemispheres. * 

Equinootial — ^Lat. uEqnus, eqttal^ and noctes, nights. A great cir- 
cle in the heavens, so called, because when the son is in it, 
every place on the earth has equal days and nights. 

FoouB — Lat. Focus, a Jire-place. The point within the earth^s 
orbit where the sun is situated. (Plural foci.) 

Galaxy — Gr. Cralaxias, t7^ milhy-nDoy, Lat. Via Lactea. 
Gdbous — ^Lat. Gibbus, convex. Term applied to the partial disc of 

the moon, or a planet, when more than half is visible. 
Gbooentbio — Gr. ge, the earthy and centron, a centre. Seen from 

the earth as a centre. 

HoBizoN — Gr. Horizo, to dound. The circle which bounds our 

vision. 
Heliocentbio — Gr. Helios, the stm^ and centron, a centre. Seen 

from the 9un as a centre. 

Mebiddlk — Lat. Meridies, mid- day. The circle at which the sun 
arrives when it is noon. 

Nadie — ^Arabic, Nazeer, opposite. The point opposite the zenith. 
Nebula — ^Lat. Nebula, a cloud, A cloudy appearance among the 

stars. 
NrrEOGEN — Gr. Nitron, nitre^ and gennao, to produce. One of the 

two component gases of air. 
Nodes — Lat. Nodus, a knot. The points at which the orbit of a 

planet intersects the ecliptic, or plane of the earth's orbit. 
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Nucleus — ^Lat. Nucleus, a Jcemel. The bright and seemingly solid 

part of a comet. 
Nutation — ^Lat. Nutation, a nodding. A vibratory motion of the 

earth's axis. 

Obbit — ^Lat. Orbis, a circle. The path of a heavenly body. 

Oxygen — Gr. Oxus, acid, and gennao, to produce. One of the com- 
ponent gases of the atmosphere. 

OoouLTATioN — ^Lat. Occultatio, a hiding. The concealment of a 
heavenly body by the moon. 

OoTANT — ^Lat. Octo, eight. The eighth part of a circle. 

Paballax — Gr. Parallaxis, change. The difference in the apparent 
position of a heavenly body, from a change of place in the 
spectator. 

Pebihelion — Gr. Peri, nea/r, and helios, the 8un, The point of a 
planet's orbit nearest the sun. 

Peeigeb — Gr. Peri, Tieor, and ge, tJte earth. The point of the 
moon's orbit nearest the earth. 

Peeioeci — Gr. Peri, around, and oikeo, to dwell. Those who dwell 
under the same parallel, but in opposite meridians. 

Pbnumbba — ^Lat. Pene, almost, and umbra, a shadow. An imper- 
fect shadow. 

Phase — Gr. Phasis, an appea/rance. The portion of a body's disc 
visible. 

Planet — Gr. Planetes, a wamderer. An opaque body attending the 
sun, so called because, unlike the fixed stars, planets change 
their apparent relative positions. 

QuAPBATUBE — Lat. Quadra, a equa/re. The position of a body 

when its angular distance from the sun is 90 degrees, or a 

right angle. 
QuADBANT — Lat. Quadrans, the fourth pa/rt. The fourth part of a 

circle. 
QuAETiLB— Lat. Quartus, fov/rth. The aspect, of two planets 90 

degrees from each other. 
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Rbtbogbadb— -Lat. Retrogradns, haehwards. The i^parent back- 
ward motion of the planets. 

Eefsaotion — ^Lat. Refractas, broken. The deviation or breaking 
of the rays of light. 

Radius — ^Lat. Radius, a ray. Plural, radii. Lines drawn from the 
centre of a circle to every part of the circumference, as rays 
proceed from the sun. 

Satellite — Lat. Satelles, a gtiard. An attendant body of a pri- 
mary planet. 

SmEBEAL— Lat. Sidus, a star. Relating to the stars. 

SoLAB— Lat. Sol, t?ie sun. Relating to the sun. 

Solstice — ^Lat. Sol, the sun, and sto, to stand. The point of the 
ecliptic, at which the sun stands, with respect to decli- 
nation. 

Sextant — ^Lat. Sextus, sixth. The sixth part of a circle. 

Stellar — ^Lat. Stella, a star. Relating to the stars. 

Sextile — ^Lat. Sextus, sixth. The aspect of two planets 60 de- 
grees from each other. 

Seoondaby — Lat. Secundus, second. A great circle perpendicular 
to any other, or a term applied to the satellites. 

Synodioal — Gr. Syn, together^ and odos, a pathway. The Synod- 
ical revolution is the time between two conjunctions. 

Syzyqies — Gr. Syzygia, conjunction. The corjunction and opposi- 
tion of the moon. 

Telescope — Gr. Tele, at a distamM^ and scopeo, to see. An instru- 
ment for viewing objects at a distance. 

Teeminatoe — Lat. Terminus, a hmnda/ry. The line which divides 
the enlightened from the dark part of the moon. 

Tbansit — Lat. Transitus, a passage across. The passage of a planet 
across the sun^s disc. 

Tbinb — Lat. Trinus, three. The aspect of two planets 120 degrees 
from each other. 

Teopics — Gr. Trope, return. The small circles which limit the 
sun's declination, so that, when it reaches one, it returns to 
the other. 
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IJiiBBA— -Lat. Umbra, a ihadwoj The conical shadow of the earth 
or moon. 

Ybotok — Lat. Vector, ime who carries. The radius-Tcctor is a line 
drawn from the sun, to any point of tlie orbit of a planet, by 
which the planet appears to be carried around the sun. 

YEsnoAL — Lat. Vertex, the top, A term implied to the son when 
directly ov^head. 

Zenith— Arabic The point overhead. 

Zodiac— Or. Zodiakos, <f animale. The belt which oontalns the 

twelve constellations lying on the ecliptic, r^resented by ani- 

mats. 
Zoisn— Gr. Zouo^ a girdle. A division of the earth's rarfkoe. 



J 
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QUESTIONS FOR REVIEW. 



M, What is Astronomy ? 

"^2, Of whiat bodies does it treat ? 

^. Into what two classes may the heayenly bodies be diyijedff 

^4. What is a Imninons body ? 

^6. What is an opaque body ? 

^ 6. What is the Solar System ? 

^ 7. What is a planet? 

^ 8. How many kinds of planets are there t 

^9. What is a primary planet ? 
^ 10. What is a secondary planet ? 
N 11. Name the primary planets. 
^ 12. Mention the diameter of each. 
^ 18. Mention the distance of each from the snn. 
^14. What is the time of the annual revolution of each f 
"^15. What is the time of the diurnal rotation of each f 
n16. How are the satellites distributed ? 

>17. What are Asteroids ? 

"^18. Mention their number and names. 

n19. Which are the inferior planets ? 
""20. Which are the superior planets ? 
X21. Why are they so called? 
^ 22. What is elongation ? 
*^28. What is inferior conjunction t 
N24. What is superior conjunction ? 
^ 25. What is opposition ? 
^ 26. What is quadrature? 
^ 27. What is the disc of a hearenly body? 
"^28. What is a digit? 
\29. What is the orbit of a planet? 
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\B0. What is the shape of the planets' orbits ? 
^81. Repeat Kepler's laws. 
^82. What is the radius-vector of a planet's orbit? 
\83. What is the eccentricity of a planet's orbit ? 
\84. What is centripetal force ? 
^ 85. What is centrifugal force ? 
-^86. What is the aphelion ? 
"*€7. What is the perihelion? 
-88. What is the apsis line? 
^9. What is the apogee ? 
-40. What is the perigee ? 

-4:1. What are the mean and true places of a planet? 
-42. Where is the velocity of a planet the greatest ? 
-43. Where is it the least ? 
44. What are the nodes ? 
-45. What is the ascending node ? 
'*46. What is the descending node ? 
J:7. What is the axis of the earth ? 
-48. Mention the principal great circles on the globe. 
-49. Define each. 

•fiO. What is latitude on the earth ? 
"^1. What is latitude in the heavens? 
-£2. What is declination ? 
-63. What is longitude on the earth ? 
^64. What is longitude in the heavens ? 

- 65. What is right ascension ? 

-»56. Mention the principal small circles on the glob^ 
^7. Define each. 

-^8. What is the equinoctial colure ? 
**59. Wliat is the solstitial colure ? 
>60. What are zones ? 
•61. Tell the position and width of each. 

- 62. What is the horizon ? 

-68. What is the sensible horizon? 
*C|4. What is the rational horizon ? 

- ^5. What are the poles of the horizon ? 

- 66. Define each. 
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^67. What is the altitude of a heavenly body t 
^8. What is the azimnth ? 
\69. What are the vertical circles? 
^ 70. What is the prime vertical ? 
^ 71. What is amplitude ? 
^72. What is polar distance ? 
"^78. When has a place a vertical snn ? 
^74. Where must a place be situated, to have a vertical rant. 
,^6. What is the circle of perpetual apparition? 
"^6. What is the circle of perpetual occultation ? 
"^7. How many positions has the sphere ? 
^ 78. Define each. 

^79. What are the Antipodes ? — ^Antoed ?— Perioed ? 
''80. What are the equinoctial points ? 
' 81. What are the solstitial points ? 
62. What are the signs of each ? 
88. What is the zodiac ? 
^84. Repeat the signs of the zodiac. 
^85. TeU when the sun enters each. 
'86. What causes day and night? 
^ 87. How is the change of the seasons produced? 
'^88. When are the days and nights everywhere equal? 
'89. When is it longest day in the northern hemisphere ? 
"^90. When, in the southern hemisphere ? • 
^ 91. When have places, in the north frigid zone, constant day ? 
^^2. What is the sun supposed to be? 
^8. What is its diameter? 
^ 94. How many, and what, revolutions has it ? 
'^ 95. How was the rotation on its axis discovered ff 
"^6. What are the spots, on the sun, supposed to be f 
^7. What is the velocity of light ? 
-98. What is the supposed nature of light ? 
^9. What is the position of the sun^s axis ? 

100. Which planet is nearest the sun? 

101. In what respects is it remarkable ? 

102. Mention the greatest elongation of Mercury. 
108* When is Yenus called the morning star ? 
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104. When, the evening star ? 

105. What seasons has Yesns ? 

^106. What are the transits of Mercury and Yenns t 
\107. What does a transit prove ?-^ — 
M08. What is the shape of the earth ? 
M09. State its equatorial and polar diameter. 
vllO. What proofs have we that it is spherical t 
\111. When does it pass its i^helion?* 
M12. When its perihelion? 
\113. State the proofe of its revolving on its aidf . 

114. What gives it the shape of an ohlate spheroid f 

116. What is its density ? 

116. Mention the density of the planets, 

117. By what is the earth attended? 

118. By what is it surrounded? 

119. Of what does the atmosphere consist! 

120. Of what is air composed ? 

121. What are clouds ?— Wmd ? 

122. How is wind produced ? 
128. What are the trade winds ? 
124. How are they caused ? 

126. What are land and sea hreezes f 

126. How is rain caused ? — Snow ? — ^Hailf 

127. What are fogs and mists ? 

128. How are they caused? 

129. What is dew? 

180. Mention some of the uses of the atmosphere! 

181. What is the moon? 

182. Mention its diameter, and distance from the earfih. 

183. How many revolutions has it? 

184. What is the time of each ? 

185. What is a synodical month ? 

186. Why is it longer than a complete revolution! 
137. Does the moon rise at the same hour, always! 

188. Why does it rise later ? 

189. What is harvest moon? 
140. Explain its cause. 
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141. What are the phases of the moon ? 

142. When is it new moon ? 
148. When is it full moon ? 

144. When is it first quarter ? — Last quarter ? 

145. What is the appearance of the moon in each f 

146. When is the moon homed? — ^When gibbous? . 

147. Can we see the entire surface of the moon ? 

148. Which is the fourth planet from the sun ? 

149. In what respects is its figure remarkable ? 

150. What phases does it present? 

151. Why is it never horned ? 

152. What is the magnitude of Jupiter, compared with the earth ? 
158. What seasons has it ? 

154. By what is Saturn encompassed ? 

155. State the dimensions and distances of the rings. 

156. Which is the remotest planet known? 

157. State the time and manner of its discovery. 

158. How are the asteroids distinguished from the other planets? 

159. What is their average distance from the sun? 

160. What is the time of their annual revolution ? 

161. What apparent revolutions have the heavenly bodies ? 

162. How are they caused? 

168. How many apparent motions have the planets ? 
164. When is a planet's motion said to be direct? 
166. When, said to be retrograde ? 

166. When is a planet said to be stationary ? 

167. How are these appearances caused ? 

168. When is the motion of an inferior planet retrograde? 

169. When is it direct? 

170. When does it appear stationary ? 

171. Describe the apparent motions of a superior planet. 

172. What is an edipse? 

173. Which €ire the principal eclipses? 

174. What is a solar eclipse ? 

175. How is it caused ? 

176. What is a lunar eclipse, and how is it caused? 

177. Of how many kinds are eclipses ? 
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. 178. What is a total eclipse ? 

179. What is a partial eclipse? 

180. What is an annular eclipse? 

181. When does it happen ? 

182. What is the ediptic limit? 

183. What is the extent of the solar ecliptio limit ? • 

184. What is the extedt of the lunar ecliptio limit ? 
' 185. What is the penumhra ? 

186. What is the length of the earth's shadow? 

187. What is its breadth, where it eclipses the moon? 

188. What is the length of the moon's shadow ? 

189. What is its diameter, where it intersects the earth ? 

190. How many eclipses may happen in a year ? 

191. What is occultation? 

192. What are tides? 

193. How are they divided ? 

194. What is flood tide ?— Ebb tide ? 
196. How often 4o they happen ? 

196. What is spring tide ? — ^Neap tide ? 

197. When do they occur ? 

198. By what are tides occasioned? 

199. Which has the greatest effect, the sun or moon ? 

200. Why does the moon produce the highest ti^M? 

201. How is spring tide caused ? 

202. How is neap tide caused ? 

203. What are primitive tides? 

204. What are derivative tides ? • 
206. Where do the highest tides occur? 

206. What is the average height for the whole globe? 

207. Do the tides always rise at the same hour? 

208. Why .not? 

209. Does the tide rise immediately the moon passes the me- 
ridian ? 

210. Why not? 

211. How much behind the moon are tiie tides, in the ocean ? 

212. How much at New York? 

213. Does the tide rise as high, during the night, as during the day? 
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214k What is parallax ? « 

215. What is the apparent place of a heayenly l>ody I 

216. What is the true place oi a heavenly hody f 

217. What is diurnal parallax ? 

218. What is horizontal parallax 9 

219. Wh^e is diurnal parallax the greatest! 

220. Where is it the least ? 

221 . How does it affect the aj^par^ott place of & body ? 

222. What is annual parallax ? 

223. What bodies have annual parallax ? 

224. Wh^t is the parallax of the nei^rest fixed star t , 

225. What is refraction? 

226. Where is it the greatest? 

227. Whore the least? 

228. How great is it, when the body is in the h<»rizonf 

229. How does it affect the apparent place of a body ? 
280. How does it affect the son, at its rising and setting t 

231. What is twilight? 

232. How is it caused ? 

233. How far below the horizon is the sun, when it eommoices 
and ends ? 

234. At what parts of the earth is it shortest t 

235. At what parts, longest? 

236. What is time? 

237. How is it measured ? 

238. How many kinds of days are there t 

239. What is a solar day ? • 

240. What is a sidereal day? 

241. Which is the longer, and by how mvolit 

242. Why is it longer H 

243. What is apparent time? 

244. What is mean time ? 

245. What is the equation of time 9 

246. When is it the greatest ? 

247. When is it nothing ? 

248. Explain the causes of the equation of time. 
SI49. What is the precession of the equinoxes ? 
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250. What is the amount of precession annually ? 

251. In what time do the equinoxes complete a reyolntiont 

252. Explain the canse of precession. 

253. What is a tropical year? 

254. What is a sidereal year ? 

255. Which is the longer ?— Why? 

256. What motion has the line of apsides ? 

257. When does it complete a revolution? 

258. How much does the longitude of th^ perihelion^ increase 
annually? 

259. What are comets? 

260. Of what parts, does a comet connst? 

261. Define each.* 

262. How do comets revolve ? 

263. What are they supposed to he ? 

264. What are the fixed stars ? 

265. What are they believed to be? 

266. What is their supposed size ? 

267. What is the distance of the nearest ? 

268. What are variable stars? — ^How accounted for? 

269. What are temporary stars ? — ^How accounted for f 

270. What are nebulous stars ? — ^Multiple stars ? 

271. What are double stars, and binary systems ? 

272. How many have been discovered ? 

273. What is the galaxy or milky-way ? 

274. What is a cluster? 

275. What are nebulas ? 

276. How are they divided? 

277. Define each. 

278. Of what is the universe supposed to consist? 

279. What is a constellation? 

280. How many are there ? 

281. How are they divided? 

282. Explain the position of each. 

283. Do the signs and constellations of the zodiac correspond ? 

284. When did they occupy the same places ? 

285. How are the stars classified ? 
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286. What are telescopic stars ? 

287. Wnat does the terrestrial globe represent! 

288. What does the celestial globe represent! 

289. What is the brazen meridian? 

290. How is it numbered? 

291. What is the wooden horizon? 

292. What does it represent? 
298. What is the hour circle? 

294. When are meridians called hour cirdei? 

295. What is the quadrant of altitude? 

296. For what is it used? 

297. What is the mariner's compass? 

298. Mention the cardinal points of the horizon. 

299. What is the angle of position of two places? 

800. What are rhumbs? 

801. What is a rhnmb Hne ? 
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A CATALOGUE 



.OF 



IHsjQfn snir Ij^lnn^s's H^nHiatins. 



To which we invite the attention of Teachei-s and tht 
friends of Education generally. The retail prices are attached 
to each Book, from which we make a discouni by the quan- 
tity. We are in the habit of making very favorable terms 
for the first introduction of our School Books, and those 
Teachers who desire to introduce and establish an uniform s^ 
ries of the best Text Books^will do well to apply to us, post 
paid. 

Copies of any of our School or Music Books, for ezamina- 
tion, will be sent to any one by Mail, post paid, who will 
tend us the price of the Book in P. O. Stamps or money. 
IVISON & PHINNEY, Publishers, 

178 Fulton Street, New York 



SCHOOL AND COLLEGE TEXT-BOOKS. 

Agriculture for Schools ; 

Or, Lessons in Modem Farming. GoDtaining Sdentifio ExereiiM 
for Recitation, and elegant Extracts from Rural Literature for 
Academic and Family reading. By Rev. John L. Blakb. $1 00 

Bahama Eeaders, 

In four parts. Prepared expressly for the Schools in the South 
em States, and are in general use in Alabama, Georgia, and 
liisiissippL They are as follows : 
IdwtPabv: a Primary Primtr. ByO. W.Saxvim. lt|MB^ 
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Sscx>2fD Part: designed for children who ar« too young to read 
in Porter's Rhetorical Reader. By T. D. P. Stoni. 26 cents 

Third Part : consisting of Exeroses in Reading and Speakings 
for the use of middle classes in Schools. 871 cents. 

FoiTRTH Part: consisting of Instructions for regulating th« 
Voice, with a Rhetorical Notation, and a course of Rhetorical 
Ezercbes. Designed for the use o. High Schools and Acad 
•mies. By Dr. Porter, late of Andover Theological Semi* 
nary. 62i cents. 

Barrington^s Physical Geography ; 

Being a treatise on the subject, comprising Hydrology, Geognosy, 
Geology, Meteorology, Botany, Zoology, Anthropology. By A. 
Barrington. Edited by Gha&les Biadisit. $1 OOi. 

Butler's Analogy of Religion ; 

Or, Uie Analogy of Religion, Natural and Revealed, to the ooii> 
stitution and course of Nature. By Joseph Butlkb, LLJ)., late 
Lord Bishop of Durham. With an Introductory Essay by 
Rey. Albert Barnes. 1 voL 12mo. — 20th edition. 62i cents. 

The same Work, 

With an Introductory Essay by Bishop Halifax. To whidiare 
added Copious Analytical Questions for the examination of 
Students^ By Rey. Joseph MoKeb, A.M. Academy and School 
edition. 62i^ cents. 

De Sacy's General Grammar ; 

Being the principles of General Grammar, adapted to the eapa- 
dty of youth, and proper to serye as an introduction to the 
study of Languages. By A. J. SYLyESTER De Sacy, member of 
the Royal Council for Public Institutions. Translated and fitted 
for American use by DAyin Fosdick, Jr. 871 cents. 

Elements of Political Economy. 

By Samuel P. Newman, late Professor in Bowdoin Oollsgik 
^6 cents. 

Fasquelle's French Course ; 

Or, a New Method for Learning to Read, Write, and Speak the 
French Language, on the plan of Woodbury's ** New Method 
with German.** $1 25. 

Key to the Exercises in Fasquelle's French 

OewM^fertlieuieefTeaeheri. tSeeoteb 
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Fasqnelle's Colloquial French Reader, 

*li oents. 

Fasquelle's Telemaque ; 

Lea Aventurefl de Telemaque, FiU d'Uljsse. Par M. Fnnum. 
A new edition, with Notes. By Louis Fasquellb, L.L.D., Prof, 
of Modem Languages in the Uuireifsity of Michigan. The Text 
earefullj prepai>ed from the most approved French Editions. 
75 cents. ^ 

Gray's Chemistry ; 

Or, Elements of Chemistry. Containing the Principles of th« 
Science, both Experimental and Theoretical Intended as a Text* 
Book for Academies, High Schools, and Colleges. Illustrated 
with numerous Engravings. By ALONza G&at, A.M., formerly 
Professor of Chemistry and Natural Philosophy in Phillips Acad- 
emy, Andover, Mass. 60th edition, newly revised and great^j 
enlarged. $1 00. 

Gale's Natural Philosophy ; 

Or, Elements of Natural Philosophy. Embracing the General 
l^rindples of Mechanics, Hydrostatics, Hydraulics, Ptieumatica, 
Acoustics, Optics, Electricity, Magnetism, Galvanism, and As- 
tronomy. Illustrated by Several Hundred Engravings. De- 
signed for the use of Schools. By Leonard Galb. 20th edition. 
621 cents. 

Hitchcock's Geology ; 

Elements of Geology. By Edwabd HrroHOOCK, D.D., L.L.D., 
President of Amherst College, and Professor of Natund Theol- 
ogy and Geology. A new edition, revised, enlarged, and adapted 
to the present advanced state of the Science. With an Intro 
ductory Notice by John Prx Smtth, D.D., F.R.S., and F.G.& 
$1 25. 

Hallock's Giammar : 

A Grammar of the English Language, for the use of Sohools, 
Academies, and Seminaries. By E. J. Hallook, A*M., Principal 
of the Castleton Seminary, Vermont. 2d editioa 62i cents. 

Kuhner's Elementary Grammar of the Greek 

Language. Containing Exeroiset foir the WriUng of Greek, and 
the requisite Vocabularies. By Raphael Euhnkb. TranskUd 
l|f S. H. Tatloe, of Andover. 12mo. |I 25. 
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4 nnsoN and phjottey's publications. 
Kendrick's Primary Greek Book ; 

Or, the Child's Book in Qreek ; being a Series of ] 
Exercises in the Greek Language. By Asamkl C. KaNnmiCB^ 
Prof, of the Greek Language and Literature in the Madiioa 
UniTersitj. 16mo. 81 cents. 

Kendrick's Greek Introduction ; 

Or, an Introduction to the Greek Language ; containing an aol* 
line of the Grammar, with appropriate Exercises for th« uat 
of Sdiools and private learners. Bj Asabxl C. Eknduok. En- 
larged edition. 621 cents. 

Kliddle's Astronomy ; 

Being a Manual of Astronomy and the use of the Globes. For 
Schools and Academies. By HxiniT Eiodlx. Just published. 
81 cents. 

'MacGregor's Book-keeping : 

A Practical Treatise on Book-keeping, by Single and DoubU 
Entry, on anew plan; containing General Book-keeping for th« 
use of Formers, Mechanics, Professional Men, and other non- 
mercantile persons — Retailers' Book-keeping, and Merchants' 
Book-keeping. With an Appendix of Definitions, Directions^ 
^ and Practical Forms. For the use of Seminaries and Self-In • 
structors. By P. MAoGasooa. 75 cents. 

McEUigott's Analytical Manual : 

A Manual, AnalyticiJ and Synthetical, of Orthography and 
Definition. By Jambs N. McElligott, L.L.D., Associate Principal 
of the Collegiate School, N. Y., and late Principal of the Meohan- 
iss* Society School 76 cents. 

McElligott's Young Analyzer ; 

Being an Easy Outline of the course of instruction in the Eng- 
lish Language presented in the Analytical Manual. Designed 
to serye the double purpose of Spellirg Book and Diotionarj m 
« the younger ehisses in Schools. 81 cents. 

Newman's Rhetoric, — 150tli edition ; 

Bmng a Practical System of Rhetoric, or the principlei and mlsi 
of style, inferred from examples of writing. To which Is addsd 
■a Historical Dissertation on English Style. By Samuil P. 
y»wiu»,la*eP>o l »saorofBhetorioinBowdoinOolleg»y, lUmt^ 
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itKON AND TBJmiETQ PUBLICATIONS. 6 

Paisley's Universal History ; 

Ou thti basis of Geo^aphy. Illustrated br Maps and Bn fri n* 
iDgs. Especially designed for the use of Schools. . |1 00. 

Torter's Khetorical Reader. 

Cod listing of Instructions for Regulating the Voice. With a 
Rhetorical Notation, illustrating Inflection, Emphasis, and Modu- 
lation ; and a course of Rhetorical Exercises. Designed for th« 
use of Academies and High Schools. By Ebbnszeb Pobteb, D.D., % 
late President of the Theological Seminary, Andoyer. New and 
enlarged editioa. 621 cents: 

Woodbury's New Method of Learning the 

German Language ; embracing the Analytic and Synthetic modes 
of instruction. * By the author of • 

WOODBURY'S SHORTER COITRSE WITH GERMAN. 
«• ' ELEMENTARY GERMAN READER. 

" ECLECTIC GERMAN READER, and 

• NEUE METHODE, or NEW METHOD 

FOR GERMANS TO LEARN ENQLISa 



8ANDEBS* SEEIES OF BEADEES. 

Sanders' Series comprises eight books. It is the most thorough, 
aorrect, complete, and regularly progressive series of Reading-Booki 
now before the public. It Jias received the unqualified approval of 
nearly every Teacher and School Committee who have examined it| 
and is in extensive use in nearly every State in the Union, in Cali- 
fornia, Oregon, and the West India Islands, and 8om« of the South 
American States. The Series consists of 

Banders' Spelling-Book ; > 

Designed to teach the Orthography and Orthodpy of Dr. W«l^ 
■ter. 121 cents. 

Sanders' Primary School Primer. 

Paper covers. 6i cents. 

Sanders' Primary School Primer. 

stiff eov«rt. 8 cents. 

ftanders' Pictorial Primer. 

Bound. Green covers. 12i oenta. 

Sanders' First Ecader. i2i Mnta. 
Saaden' Second Reader. Mma^ 
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Sanders' Third Eeader. sncent^ 

Sanders' Fourth Reader. Fuii sbeep UncBng. ^•enti 

Sanders' Fifth Reader. FuII SLeepaod Emboaied. '76 eto 

Sanders' Elocntionary Chart ; 

DeeigDcd m an aceompaoiment to Saadert* Seri«a bf Beading 

Books, for the use of Primary Schools, Academies, lostitutei^ 

Seminaries, Colleges, <&c. By C. W. SAHDua, A.M., and Pro£ 

R W. MuBiLL, A.M. $2 60. 

This Chart is intended to give a knowledge of the ElemeBtary 

Sounds of the English Language ; to apply those Elements in Itead> 

ing ; to remedy defects in Articulation, Modulation, Inflection, Ao, ; 

also to give force, smoothne^ and compass to the voice. It is colored 

and varnished, and mounted on rollers, being in size six feet hy four 

and a half^ and intended to hang up in the Recitation Boom, to whieb 

it is a very handsome appendage. 



Sawyer's Moral Philosophy ; 

Being the Elements of Moral Philosophy, on the basis of the 
Ten Comxnandments ; containing a complete system of Moral 
Duties. By Leicester H. Sawtxb, A.M., Preskknt of Centra] 
College, Ohio. 75 cents. 

Schuster's Practical Drawing-Book, 

For Schools and Self-Instruction*; containing Heads and Figures, 
Landscapes, Flowers, Animals, and Ornamental Drawings, aa 
well as some very useful instructions for their imitation, with 
a Historical Sketch of the Arts of Painting, Drawing, and 
Saolpture, and an Exposition of the New and Celebrated Method 
of M. Duvow, highly interesting for teachers, By Sichsmons 
ScHUBTKB, Professor of Drawing and Painting in New York City, 
$150. 

Smith's' Natural Philosophy : 

A new and valufible Text-Book for the use of Schools and Acad- 
emies. Illustrated by numerous Examples and appropriata 
Diagrams. New and enlarged edition. By Hamilton L. Smn^ 
AM, '75 oentst 

Spencer's English Grammar ; 

Comlnning the Analytical and Synthetical Prineiplea. ninstraicd 
tj Szereiaea &r QrammaiHeal Aoa^yaia ; with aynerraa : 
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plet of FaU« Syntax ; adapted to all classes of learneri. Bf 
OBoaGB SrBNGEB, A.21, Ute Principal of the Utica Academy 
87i cents. 

Stone's Chad's Reader ; 

For chOdren who are too joimg to read in the Rhetorictil 
Header. Prepared at the request of Dr. Poetib, late Preside ui 
of the Andover Theological Seminary. By T. D. P. Stons, A.M. 
10th edition. 26 cents. 

Scripture School Reader ; 

Consisting of selections of Sacred Scnpture, for the use of 
Seinwls. Oompiled and arranged by W. W. Evaetb, A.M., author 
of the <* Bible Manual," and ** Pastor's Hand Book,* and W. H. 
Wtkoff, AJl, late Principal o^ the Collate School, K T 
16 cents* 



THOMSONS SERIES OF AEITHMETICS. 

INTROnrCTORT TO DAT AND THOMSON'S SERIES OF MATHXMATI08. 

All that can be said in praise of the best works which treat of th« 
leience of Numbers may be truly said ef Thomson's Arithmetics. 
The unusual favor with whidi they hare been received since their 
publication, is a pretty fair recommendation of their merits. Th$ 
Series is as follows : 

Thomson's Arithmetical Tables, 

and Ezerdses for Primary Schools. 18mo. Half Boond. 12ioMita. 

Thomson's Mental Arithmetic ; 

Or, First Lessons in Numbers, for Children. ISmo. Vew edir 
tion, enlarged. 12& cents. 

Thomson's Slate and Black-Board Exercises , 

Or, First Lessons in Written Arithmetic. For Beginners. 20C4Nita 

Thomson's Practical Arithmetic ; 

Uniting the Inductive with the Synthetic modes of Ihstrnctio% 
ako illustrating the Principles of Oancellation. llOth ediiiM^ 
Revised, and greatly enlarged. 871 centa. 

Key to the same. 

Sllocnta. 
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Thomson^s Higher Arithmetic ; 

Or, th« Science and Application of Numberi. Oombiusf Ikt 
Analytie and Synthetic modes of Initruction. *16 oenta. 

Key to the same. 

60 centa. 

Thomson's Trigonometry ; 

Being a Treatise on Plain Trigonometry, and the Mensuration af 
Heights and Distances. To which is prefixed a summary riew 
of the Nature and Use of Logarithms. Adapted to the method of 
Instruction in Schools and Academies. By Jireiaah Day, DJ)^ 
L.LJ), of Yale College. $1 00. 

Thomson and Day's Surveying. 

In Press. 



WILLSOH'S HIST0EIE8. 

NEW AND aXYISED BDITIONS. 

Willson's Juvenile American History : 

For Primary Sohools. 81 cents. 

Willson's History of the United States. 

For the use of Schools and Academies. The History is brought 
down to the Election of Franklin Pierce to the Presidenoy ; and 
embraces a Summary of the History of Mexico, Texas, and tha 
Oanadas. The author has also added to this edition the Oonst^ 
tution of the United States, with valuable notes and questions ; 
the whole making the most complete and reliable History for 
the School-room that has yet appeared in this country. 75 ceati^ 

Willson's American History, 

(Sshool edition,) comprising Historical Sketches of the Indians , 
a Description of American Antiquities, with an inquiry into their 
Origin, and the Origin of the Indian Tribes ; History of tha 
United States, with Appendices, showing its connection- with 
European History ; History of the present British Prorinoea , 
History of Mexico, and History of Texas, brought down to tha 
time of its Admisuon into the American Union. Larga Itmmi 
11 2ft. ^ 
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Willson's American History 

Comprising Historical Sketches of the Indian Tribes ; a Deserip 
tion of American Antiquities, with an inquiry into their Origin, 
and the Origin of the Indian Tribes ; History of the United 
States, with Appendix, showing its connection with European 
* History ; History of the present British Provinces ; History of 
Mexico and Texas, brought down to the time of its admission 
into the American Union. By Marcus Willson. Library edi- 
tion. Cloth H 00. Sheep $2 50. 

Willson's Comprelieiisive Chart of American 

' History. On Rollers, and Varnished. $6 00. 
This is an elegant Chart of our Own Country's History, neatly en- 
f^ayed,' colored, varnished, and mounted on roHers, and measuring 
about four feet by five and a half It is arranged on a plan essen* 
tially different from any other historical chart ; and yet is so stmpU 
that an intelligent child can readily understand it. It embraces th« 
History of all the Countries, Colonies, States, and Provinces of North 
America, from the first discovery and settlement down to the pres- 
ent time. The Chart, with an accompanying Epitome and Questions, 
is designed for practical use in the business of instruction, and not 
for reference merely. Competent teachers- who have used it, express 
the opinion, that it will be found as serviceable in teaching History^ 
ts maps are in teaching Geography. No description can give an 
adequate idea of its value. 

Willaon's Outlines of General History ; 

Or, Universal History, is in course of preparation, and will, . 
when completed, be the most perfect book of the kind ever pub- 
lished. The Work will be on the same General Plan and Ar- 
rangement with Mr. Willson's other Histories. 



KUSIC FOR CHOIES AND^ CHXTSCHES. 

Psalmista, or Choir Melodies : 

An extensive collection of new and available Church Mnsie, to* 
gether with some of the choicest selections from the former pnb* 
lications of the Authors, for Choirs and Congregational JaM% 
By Thomas Hastings and Wm. B. Bradbubt. '76 cents. 

Tlie Mendelssohn Collection. 

By Thqios Hastzncw and Wic B. BaADaumr. Containing origiaal 
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and selected Musio from the best European oompoeer^ eon 
of Metrioal Tuaee, Anthems, Set Pieces, Motets, Sentences, and 
Ohants, and an Appendix containing a selection of the most ap- 
proved old Standiurd Church Tunes, for Congi'egation and Family 
use. '76 cents. 

The New York Choralist : 

A new and valuable Collection of Tones in all the Metres, witk 
an entire new collection of Anthems and Set Pieces for the ns« 
of Choirs, Congregations, Singing Schools, and Music SocietleSi 
By Thomas Hastings and Wm. B. Beadbu&t. '75 cents. 

The Psalmodist : 

A Choise Collection of Psalm and Hymn Tunes, chiefly new, to- 
gether with Chants, Anthems, Motets, and Set Pieces. By 
Thomas Hastings and Wm. B. B&ADBuaT. '76 cents. 

The Christian Lyre : 

A Collection of Hymn Tunes^ adapted for Social Worship, "Pnjet 
Meetings, and Revivals of Religion. By Joshua LEAVirr. 26th 
odition, revised. '7.5 cents. 



SECXTLAB HTTSia 
The Alpine Glee Singer. 

Yol 1. The most complete and dioioe Olee-Book ever published 
in this country. Thi) music is new, popular, and beautiful, and 
the ari'angements are easy of execution. $1 00. 

The Metropolitan Glee-Book, or Alpine Glee 

Singer. Vol 2. An entirely new collection of Glees, Choruses^ 
Part Songs, <ftc. $1 00. 

The Social Singing-Book : 

A collection of Qlees, Part Songs, Roomds, Ma^igaU, «lce., ^iefly 
from European masters. With an Introductory Course of Gle- 
mebtary Exercises and Solfeggios, designed for singing-dassei 
and schools of Ladies and Gentlemen. By W. E BaAnaoar. M 
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TEHPEBAHCE MUSIC. 
The Temperance Lyre : 

A CollectioD of Temperaooe Songs, adapted to poptdar MelodiM, 
and designed for the use of Temperance Meetings, OoliT«ntioiif, 
and Celebrations. By Mrs. M. S. B. Dana. 12& ^nta. 

Tlie Crystal Fount : 

A Temperance Song-Book, beautifully arranged with Hymna, 
Songs, and Music, entirely new. By Thomas HASTnroft. This 
book is admirably adapted for Temperance Ohoira and Oelebra- 
tions, being arranged in parts for Bass and Treble YiAtttk 
25 cents. 



JUVEHILE SINGIKCh-BOOK* 

The Singing-Bird, or Progressive Music Read- 
er : a new Collection of Juvenile Music arranged on an entirely 
new plan, designed to facilitate the introduction of Vocal Musm 
as a study in Schools. By Wif. B. BaADBuaY. 87| cents. 

A New Juvenile Oratorio, 

Entitled ** The Seasons." Just published, in four parts. 

1. Spring (in press). 25 cents. 

2. Summer. 25 cents. 

8. Autumn (in press). 26 cents. 
4* Winter. 25 cents. (In press.) 

Musical Gems for School and Home : 

A new and complete collection of Mtisio for the jouDg, Ify 
Wm. B. Bradbury. 87i cents. 

Bradbury's Sabbath School Melodies : 

. A complete Singing-Book for all Sabbath School oiwuilnni 
15 cents. 

The Young Melodist : 

A new and rare collection of Social, Moral, and Patriotio Songs, 
designed for Schools and Academies. Composed and arraaged 
for one, two, and three voices. By Wx. B. Bbaomjat. S6 oentr 

Flora's Festival : 

A Musical Recreation, for Juyenile Singing-Classes, ^ together 
with Songs, Duets, Trios, Solfeggios, and plain Tunes for nog- 
log h(f Dott, in ThirtMQ Kiyis. BjW.EBmAniinm $9^mtB 
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The Young Choir ; 

Or, School SingiDg-Book. Original and Selected. Bj W, tk 
BftADBU&T and 0. W. Sanders. 25 cents. * 

The School-Singer, or Young Choir's Com 

panion : a Choice Selection of Music, original and selected, fin 
Jurenile Singing- Schools, Sabbath-Schools, Select Classes, Ao, 
containing some of the most popular German Melodies. Also, t 
complete course of instruction in the Elements of Vocal I 
By W. E Beadbukt and C. W. Sandsbs. 871 centi. 



THEOLOGICAL AHD HISCELLASEOTTS. 

American Biblical Repository : 

The First Twelye Yolumes of this Valuable Work, while mtdft/ 
the editorial charge of Dr. Robinson. Bound in half calt $80 OU 

Appleton's Works. 

The Works of Rey. Jssss Applibton, D.D., late President of 
Bowdoin College, embracing his Course of Theological Lecturea, 
his Academic Addresses, and a Choice Selection from his Sermons « 
with a Memoir of his Life and Character. 2 Tols. Sto. $i 00. 

Assembly's Shorter Catechism : 

A New and neat Edition. 18mo. Paper corers. Per Hundred 
$1 60. 

Beman on the Atonement. 

Christ the only Sacrifice ; or, the Atonement in its Relations t« 
God and Man. By N. S. S. Beman, D.D. With an Introductory 
Chapter, by Dr. Cox, of Brooklyn. 2d edition, enlarged. M 
cents. * 

Bush's Notes on the Old Testament. 

Critical and Practical ; designed as a general help to Bibbeai 
Reading and Instruction. By GEoaos Bush, Prof, of Hebrew 
and Oriental Literature, m the New York City Uuirersity. Dt 
7 Tols., as follows : 

NOTE^ ON GENESIS. 2 vols. $1 16. 

NOTES ON EXODUS. 2 vols. $1 60. 

NOTES ON LEVmCUS. 1 vol. 16 < 

NOTES ON JOSHUA. 1 vol 76 cento. 

SOTSS ON JUDQS& 1 toL % m^ 
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Campbeirs Four Gospels ; 

Or, the Four Gtospela translated from tbe Qreek ; with Preiimi- 
nary Dissertations and Notes, Critical and Explanatory. Bj 
QxoROK Campbell, DD., Principal of Marischal College, and on« 
of the Ministers of Aberdeen. From the last London edition. 
2 vols. 8vo. $4 00. 

Cudworth's True Intellectual System of the 

Universe ; wherein all the Reason and Philosophy of Atheism is 
eonfdted, and its impossibility demonstrated. And a Treatise 
on Immutable Morality, with a Discourse on the Lord's Supper, 
Ac By Ralph Cudworth, D.D. 2 vols. 8vo. $6 00 

Church Psalmist ; 

Or, Psalms and Hymns for Public, Social, and Private Worships 
adopted and recommended by the General Assembly of th« 
Presbyterian Church. Large type, with the first line of StaniM. 
12mo. Plain sheep. $1 00. 

The Church Psalmist. 

12mo. Roan, embossed. $1 S6. 

• •• •* 18mo. Sheep. 67 cents. 

« " ** 18mo. Roan, embossed. 16 cents. 

« •• •' 18mo. With Confession of Faith and 
Shorter Catechism. Sheep. SletiL 

« •• •• ISmo. Roan. 87 cents. 

« « - M 32ino. Sheep. 66 cents. 

• " '* 82mo. Roan, embossed. 62| oenta. 
•• * ** 12mo. Super Turkey moroooo gilU 

$3 00. 

• ." * 18mo. $2 26. 
u u u 82mo. $1 60. 

The Social Psalmist. 

Containing the Hymns of the Church Psalmist ; bound separattlj, 

large t^e. 12mo. Sheep. 76 cents. 
m t* " 12mo. Roan. 76 cents. 

•• •* , *• 18mo. 60 cents. 

« • " 82mo. 87i cents. 

« *< " 18mo. With an Appendix, eoDtain 

inf 160 of the most useful tunes in the various metres, for looia^ 

fSumily, and congregational singing. 76 cents. 

Devotional Hymns and Eeligious Poems. 
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The American Housewife. 

Containing the most valuable and original Receipts, in aU the rm 
rious branches of Cookery ; together with a collection of mitoelf* 
laneous receipts, and directions relatire to Housewifery. AIm^ 
the WHOLE ART OF CARVING,' lUustrated hj eixtfa So. 
grayings. Cloth. 60 cents. 

Tlie Kitchen Directory ; 

Same work as above, in pamphlet form. 12i cents. 

Cobb on Corporeal Punishment ; 

The evil tendencies of Corporeal Puniahment at a means of moral 
« discipline in families and schools, examined and discussed. Bj 
Ltman Cobb, A.M. $1 00. 

Poetry and History of Wyoming. 

By the late Col. Wif. L. Stonel Containing CampbtU's Gertnid* 
of Wyoming. $1 00. 

Duffield on the Prophecies ; • 

A Treatise on the Prophecies ; or Millenarianism Defended. "Bj 
Dr. Duffield, of Detroit 12ma 75 cents. 

Duffield's Reply to Prof. Stuart's Strictures on 

Dr. Ddffikld's recent work, the Second Coming of Christ 60 eta. 

Hog's Introduction to the New Testament ; 

Translated from the third London edition. By Datid Fos»i<a^ 
Jr. With Notes by Prof Stuart, of Andover. $8 00. 

Jahn's Biblical Archaeology ; 

Translated from the Latin, with additions and corrections. By 
Thomas C. Upham, Prof, in Bowdoin College. 8th edition. $2 60 

Kitto's Cyclopsedia ; 

A Cyclopaedia of Biblical literature. Edited by Johx Kmo^ 
D.D., F.S.A. ninstrated by numerons Maps and ^Cngravinga. 
In 2 vols. Royal Octavo. $7 50. 

Storr and Piatt's Theology ; 

An Elementary Course of Biblical Theology, translated from tb« 
work of Profo. Storr and Piatt With additions. By S. a 
ScHMUOKBR, D.D. New edition. 1 vol 8va $8 00. 

Tyndale's Testament of our Lord and Savioui 
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